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ABSTRACT 
Stability provisions of many of the world's major design 
specifications for metal and composite (steel-and-concrete) structures, 
have developed along markedly different paths. 
The main purpose of this report is to outline a method of 
comparing the various stability provisions, so that the reasons for the 
differences between them can be adequately explained. The report has 
been produced as part of a major international project that is 
currently underway and that is being administered by the Structural 
Stability Research Council. Referred to as the "World View" project, 
this effort is utilizing many of the techniques that are presented and 
discussed here. 
The report is intended to guide and assist the project 
participants in the selection of applicable specifications, the 
preserttation of stability provisions and any associated background 
information, the comparison of the provisions, and the explanation of 
the reasons for any differences. Samples of each of these project 
activities are given together with information on the format that could 
be used for a proposed "World View Report". 
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A procedure for the development of consistent nomenclature is 
described with attention being focused upon the selection of a uniform 
set of symbols. Such uniformity is needed if the comparison stage is 
to proceed effectively. 
As background to the project, the report discusses the function 
and development of design specifications with special attention to 
those aspects concerned with structural stability -- its importance as 
a failure mode that must be considered, and the parameters that can 
influence the susceptibility of a structure to instability. The 
advantages of cooperative development of design specifications in 
general is presented, as are those that can be expected from the 
publication of the results of the "World View" project. 
Possible future directions involving the maintenance and 
computerization of the "World View Report" are presented, and a brief 
indication of possible application of computer-based knowledge systems 
concludes this report. 
-2-
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1. INTRODUCTION 
There are approximately 60 nations in the world that are known to 
have established national standards organizations (Brown, 1976) 
(Appendix 1 lists these nations together with their national standards 
organizations.) In those nations where steel structures are designed, 
there is likely to be at least one specification, standard or code 
which the designer is obliged to follow. A multitude of design 
specifications have been produced by various organization£, government 
agencies and departments, and international associations. Although 
many specifications may have borrowed entire provisions or particular 
sections of provisions from other specifications, these documents 
generally show inconsistencies when examined side by side. 
This diversity has evolved as a direct result of the fact that 
many nations and even organizations have undertaken research programs 
independently of one another, and have subsequently attempted to 
incorporate many of their own findings into those specifications for 
which they are responsible. 
Structural engineering cannot be considered an exact science by 
any means and for this reason the field has generated a variety of 
design philosophies and theories that are expressed by a number of 
differing criteria. This development has been particularly evident in 
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the case of structural stability, where so many conflicting solutions 
have been proposed that instability would appear to be one of the least 
well-understood failure phenomena known to structural engineers. 
1.1 Historical Background 
Up until 1944 little effort had been made to coordinate 
theoretical and experimental research into stability-related problems 
despite there being substantial interest in the subject in both Europe 
and the USA (Johnston, 1983). 
The founding of the Column Research Council, now the Structural 
Stability Research Council (SSRC) in 1944 was originally planned to 
avoid the independent preparation of column-design formulas by a number 
of US specification-writing bodies (Johnston, 1981). This step led to 
the establishment of similar organizations in other regions of the 
world where significant volumes of structural research work was being 
conducted. The Column Research Committee of Japan (CRCJ) was organized 
in 1947 and the European Convention for Constructional Steelwork (ECCS) 
was founded in 1952 with a special committee covering the particular 
problems relating to instability (SSRC et al, 1982). The Council of 
Mutual Economic Aid (CMEA) played a similar role in coordinating 
stability-related research within the COMECON countries of East Europe. 
These organizations contributed greatly to the world-wide exchange 
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of research results and this in turn enabled them to make better use of 
existing data to formulate and direct their own regional research 
programs. Each of these organizations set about producing and 
maintaining manuals or guides containing recommendations for stability 
design provisions (SSRC, 1976; ECCS, 1976; CRCJ, 1979; CMEA, 1976). 
The SSRC published its first edition of "The Guide to Design Criteria 
for Metal Compression Members" in 1960, with the specific purpose of 
providing engineers and specification-writing bodies with well-founded 
information on structural stability (Johnston, 1981). 
' 
Through the initial exchanges of information that the regional 
organizations promoted, it became apparent that there were world-wide 
differences both in the basic design philosophies and in the approaches 
to various stability-related problems. It was suggested that these 
differences could be better addressed through active presentation and 
discussion of the relevent problems at an international colloquium. 
The first such colloquiwn, devoted to problems associated with axially 
compressed members, was held in Paris, France in 1972 (Sfintesco, 
1972). 
The SSRC's commitment to a cooperative approach to stability 
research was demonstrated in 1975 by its forming a task group devoted 
to this end -- the result of a suggestion by Lynn S. Beedle, its 
Director. This task group for "International Cooperation on Stability 
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.... Studies" (Task Group 11) planned the Second International Colloquium on 
Stability as a "traveling colloquium" in order to involve as many 
stability specialists from around the world as possible. With 
assistance from various interested organizations, sessions were held in 
Tokyo (ECCS, 1976), Liege (ECCS, 1977), Washington (SSRC, 1977) and 
Budapest (Hungarian Academy of Sciences, 1977). These opportunities 
for open discussion were found to be most beneficial to the 
participants. They served to encourage a joint effort in the 
development of rational methods for dealing with structural 
instability. 
1.2 The "World View" Project 
Once the colloquia had established this mechanism for effective 
interaction between researchers, thoughts turned to how this could 
influence the final product of the research process, namely the 
specifications themselves. Through the efforts of Lynn Beedle, George 
Winter and Duiliu Sfintesco, the SSRC initiated the "World View" 
project. This involved the active engagement of stability specialists 
from Japan, North America, East Europe and West Europe to report on the 
state-of-the-art and the current design approaches that existed in 
those regions (see Table 1). It was the intention of the project 
coordinators that these aspects would be compared, thereby further 
contributing to coordinated progress in the field of stability. 
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The idea of comparing various design specifications was not a new 
one. Nwnerous comparisons of provisions relating to structural 
stability have been performed in the past (Godfrey, 1962; Kerensky, 
1964; Yen, et al., 1969; Konishi, 1969; Joint Committee on Tall 
Buildings, 1973; Marek, 1973; Dalban, et al., 1977; Buchert, 1977). 
However, none of these studies had been comprehensive in their coverage 
of member types and few had encompassed as many nations as would the 
World View project. 
The World View effort seemed especially valuable as it involved 
many of those researchers who had personally contributed to their 
national specifications. Thus the project benefited from the unique 
understanding of the background to the stability provisions that these 
specialists could offer. The resulting report, entitled "Stability of 
Metal Structures - A World View" (SSRC, et al., 1982) consisted of the 
following sections: 
A. Philosophical Background and Safety Concepts 
B. Approaches and Design Procedures 
C. Comparisons and Conclusions 
The World View Report was published as an introductory docwnent 
for the Third International Colloquium on Stability, which included 
sessions in Timisoara (Polytechnic Institute of Tirnisoara, 1982), 
Toronto (SSRC, 1983) and Paris (CTICM, 1984). A major objective of 
-7-
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these sesions was to promote discussion on the differences between the 
specifications covered by the World View. The organizers of the 
Colloquium also hoped that other regions, which were not involved in 
the project but which were conducting significant research into 
stability problems, would be stimulated to contribute their independent 
observations. 
1.3 After the First "World View Report" 
Since the publication of the "World View Report" in 1982, 
structural steel design specifications have experienced a wave of 
changes with a growing number of specification-writing bodies embracing 
the limit states design philosophy. Subsequently, many stability 
provisions have been reevaluated. It is likely that the next few years 
will bring further advances in the understanding of structural behavior 
with consequent revision of design specifications around the world. As 
outlined by Galambos (1983), the impetus for these developments can be 
attributed to: 
1. the increased pace of the assimilation of research results 
into structural design specifications, 
2. a better understanding of the limit states of structures as 
a result of past analytical and experimental research, 
3. the acceptance of Limit States Design (termed "Load and 
Resistance Factor Design" in the USA), and 
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4. the growing use of microcomputers in the design office. 
As more and more practicing engineers use some form of the Limit 
States Design approach, the need for further refinements in the 
specifications will become evident. A comprehensive comparative 
assessment of current design provisions would therefore seem to be of 
value during this revision period. 
With the conclusion of the Third International Colloquium and the 
publication of the World View Report, it became evident that although 
the Report had confirmed the existance of many differences in 
approaches to stability problems, the fundamental explanations of the 
reasons for these differences remained hidden. It is precisely these 
explanations that are so necessary if a meaningful evaluation of the 
effectiveness of stability provisions is to be realized. 
In his Foreword to the Toronto Proceedings (SSRC, 1983) John 
Springfield recognized that the task of explaining why the differences 
existed was a "problem of extreme difficulty". He offered two reasons: 
Firstly, "a very limited number of engineers possess the overall grasp 
c;>f t:he subject areas" and secondly, the current stability provisions 
are "not necessarily the result of conscious decisions made in the 
light of today's knowledge, but rather, an historical development". 
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Researchers and specification writers are strongly influenced by 
the historical development of provisions within their own regions and 
this has resulted in the existance of barriers against cooperation. 
These barriers are reinforced by a lack of complete understanding of 
those principles on which other specification provisions of the world 
are based. 
In recognizing the shortcomings of the World View Report, many of 
the project participants supported a continuation of the effort. In 
1983 the SSRC task gro~p for "International Cooperation" initiated the 
planning for a second edition of the Report which would complete the 
unfinished work. The new edition would update the specification 
provisions, include additional regions and topics, but the most 
important goal would be a thorough examination of any differences in 
the provisions, resulting in an explanation of why those differences 
exist. 
For a comparison of stability provisions to be undertaken, it is 
necessary to examine in detail both the development of relevant design 
specifications and the phenomenon of structuraJ instability. It is the 
purpose of this report to review specification development with 
particular reference to those aspects that relate to stability, and to 
present a scheme for the comparison of provisions on a global scale. 
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2. SPECIFICATIONS 
2.1 The Function of Design Specifications 
A design specification is defined as a statement of a set of 
requirements to be satisfied for a particular structure being designed. 
A specification is normally only referred to as a "standard" once it 
has received widespread acceptance and is used repeatedly. A "code" 
can be considered to be/~~ecification that is promulgated by an )~ 
official authority such as a government body (Nagarajan, 1976). In 
this form a specification functions as a control document against which 
compliance can be measured. 
Specifications provide engineers with reliable design guidance by 
satisfying the following objectives: 
a. to achieve maximum overall economy in terms of cost, human 
effort and time, and use of structural materials, 
b. to ensure maximum convenience in its use through provisions 
that are as simple as possible and yet consistent with the 
needed safety and economy, 
c. to adopt the best solution of recurring problems, taking 
into account all available knowledge and technological 
developments, and 
d. to define the requisite levels of quality and safety. 
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A specification therefore should contain a summary of proven data, 
obtained from experience or careful study of available research 
results. This is necessary because the average designer does not have 
the time to collect, critically examine and evaluate all the relevant 
research documents (Kerensky, 1964). 
In the case of a typical structural design, a specification-
writing committee would have considered all possible modes in which the 
structure might fail to fulfill its intended purpose, and would have 
identified the acceptable levels of safety that will protect the 
structure against such failures. If an unusual structure is 
considered, the designer may have to perform both of these step6 in 
addition to considering which failure modes will be significant 
(Ellingwood et al., 1980). 
Specification-writers have a great responsibility in ensuring that 
their design guidelines are as current as possible. The structural 
industry is dynamic and highly competitive when various construction 
materials are considered. The progression of innovative ideas and 
technological developments results in a steady increase in the variety 
of design alternatives. If reasonable control is to be maintained, 
this growth must be accounted for by extending the scope of the 
specifications (Menzies, 1982). Of course, no new design provision 
should be incorporated into a specification until it has been studied 
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fully and its reliability has been established. 
Design specifications are required to keep pace with technological 
advances; however they are also expected to be comprehensive, concise, 
explicit and accurate. In addition, designers would like provisions to 
be simple, by outlining methods that can be used to quickly verify the 
integrity of their proposed structures. With the development of 
increasingly complicated specifications, Duncan et al., (1982) suggest 
that "misinterpretation of design provisions" could become a 
significant factor causing structural failure. Many design refinements 
necessarily involve more detailed procedures; however the exceptional 
development in the use of microcomputers has greatly accelerate<l the 
speed at which these calculations can be performed. 
There have been a number of discussions concerning the level of 
complexity that should be included in design specifications. Sunley 
and Taylor (1981) claim that a simplified design procedure, using 
design formulas exclusively, obscures the important background 
information t1*t,' is necessary for a full understanding of the true 
structural behavior. This in ttirn can adversely affect the 
competitiveness and adequacy of the resulting designs. 
At the other end of the spectrum, these same authors suggest that 
use could be made of a specification containing only one line: "All 
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structures shall be designed by [licensed professional] engineers". 
The emphasis is then placed firmly on ensuring that the engineer who 
has attained this status is worthy of the responsibility. 
One approach to the problem of overly complex specifications would 
be to provide alternative provisions. Simple rules could be given for 
use in standard cases, allowing quick design, while more sophisticated 
procedures would be available where these may be necessary or desirable 
(Schulz, 1984). 
2.2 Specification Development 
Having investigated the purpose of design specifications and the 
type of information that they should contain, it is pertinent that one 
consider the nature of the committees that produce them. The fact that 
numerous independent research programs have led to the development of a 
variety of specifications has been raised in Section 1, however an 
additional factor has had a marked influence on the number of distinct 
specifications. 
Each specification-writing committee is composed of a select group 
of individuals who are drawn from particular organizations, 
associations or other bodies. These conunittee members are likely to 
promote the specific interests of the independent organizations that 
they represent. This important observation provides one of the major 
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reasons for the diversity of existing specifications. Surprisingly, it 
also explains why certain regional specifications have been developed, 
whereas a truly international specification may continue to be 
exceedingly difficult to engineer. Section 4 of this report provides 
some background to this protection of interests. 
World-wide, there are many groups representing those who are 
concerned with structural design. They can be broadly classified as 
follows: 
a. government agencies or departments (national, state or local 
authorities) 
b. organizations that are supported by and represent the 
• 
construction industry, but receive substantial government 
backing 
c. professional associations of engineers (international, 
national or state) 
d. trade associations representing material interests 
(manufacturers and fabricators) 
e. learned societies 
f. academic bodies 
g. standards organizations (international or national) 
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The degree to which these groups are involved in the 
specification-writing process varies from one nation to another. In 
the majority of instances, unless the specification is produced by a 
government agency or department, the committee is made up of 
individuals who cooperate on a voluntary basis to develop a consensus. 
Many specifications are politically motivated, being set up to protect 
very specific interests. Therefore, regardless of whether the level of 
the specification is organizational, national, regional or 
international, emphasis is certain to be placed on those provisions 
that will benefit the groups that are directly represented. 
Although specifications are basically technical in nature,· they 
are frequently steered by economic factors. During the early 1970s the 
European Economic Community (EEC) realized that the diversity of design 
specifications being used in the construction industries of the various 
European countries presented a possible trade barrier between them. 
This resulted in the development of a set of "EuroCodes" which were to 
be used initially as an alternative to the national design codes. It 
was envisaged that these regional specifications would encourage 
exchange of personnel, skills, construction methods and materials 
between member countries. It was also hoped that the introduction of 
the EuroCodes would have a favorable effect on the export trade with 
regions outside the EEC (ISE, 1984). A similar effort was undertaken 
by the East European countries resulting in their own regional 
-16-
r' 
I 
' 
specifications being instituted by the Council for Mutual Economic Aid 
(Halasz, 1983). 
In North America and particularly in the USA, specification 
development has been especially prolific. This results directly from 
the large number of organizations and associations that have been 
formed to safeguard a multitude of interests. The variety of 
specifications reflect the requirements of specialized engineering 
fields (highway, railway, petroleum, shipping, etc.), types of 
structures (buildings, bridges, offshore structures, transmission 
towers, storage tanks, etc.), materials (mild steel, stainless steel, 
aluminum, composite steel-and-concrete, etc.), and structural products 
(hot-rolled sections, cold-formed sections, tubular sections, steel 
joists, etc.). A list of some of these specifications is given in 
Appendix 2. 
In many technologically advanced nations, different design 
specifications exist for different specialized engineering fields and 
different types of structures. In many cases there are valid reasons 
for maintaining separate specifications; however their provisions 
should be compatible for any particular material. Loadings may vary 
from one type of structure to another, but member behavior and strength 
should not (Lay, 1973). 
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In the USA, designs are controlled by local, state or national 
building codes which may incorporate certain specifications either by 
direct reference or by reproduction of all or part of the appropriate 
provisions. In some cases these codes have revised provisions to suit 
their particular needs (Beedle, 1974). Where areas of coverage 
overlap, few specifications make any reference to other specifications. 
They either reproduce an existing provision using a different format or 
present their own original provision. The latter may be a combination 
of existing provisions or it may be based upon an alternative approach 
to the problem. 
One exception to this independent development process has been the 
establishment of the "Recommended Provisions for the Development of 
Seismic Regulations for New Buildings" by the Building Seismic Safety 
Council (BSSC). This tentative specification was produced with the 
cooperation of more than 60 American organizations and associations. 
It was agreed that in order to achieve improved seismic safety 
provisions, there should be participation by as many of the diverse 
elements of the building industry as possible (Kirkland, 1982). 
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3. THE IMPORTANCE OF STABILITY 
Stability problems generally result from complex interactions 
between numerous variables. An important aspect of the planned 
comparison of specification provisions (to be presented in the second 
edition of the World View Report) will be a detailed explanation of the 
reasons for differences in the provisions. To be able to do this, all 
parameters that influence the stability of structures should be 
accounted for and their relative significance should be investigated. 
In addition, the comparison would be more manageable if it is based on 
a set of distinct parameters. 
This section will review instability as one of the more 
significant modes of failure that a structure may experience. 
3.1 Causes of Structural Failure 
Although this report does not deal with the complex concepts of 
structural safety and reliability (refer to SSRC, 1976 and ECCS, 1976), 
it is necessary to give some perspective to stability-related problems 
with regard to these design considerations. 
Whatever design philosophy is employed, the components of a 
structure should be arranged, proportioned and connected such that the 
structure can withstand the loads or deformations to which it is likely 
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to be subjected during construction and use -- and with a sufficient 
margin of safety against failure. The design procedure should also 
take into account any environmental effects that might influence the 
durability of the structure over its intended life span. The basic 
causes of structural failure as categorized by Blackley (1977) are: 
a. overloading of the structure 
b. random hazards (fire, flooding, blast, impact, etc.) 
c. understrength of structure or its components 
d. excessive structural movement due to creep, shrinkage, 
expansion or support displacement 
e. structural deterioration (cracking, corrosion, etc.) 
f. design error 
g. construction error 
Many of these causes are beyond the control of the designer, but each 
must be accounted for if safety is to assured. 
3.2 Structural Failure in Terms of Limit States 
Development of design criteria should result from the thorough 
investigation of structural behavior with special attention being given 
to the possible modes of failure. 
~ 
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A structure can be considered to have failed when it reaches the 
limit of usefulness (Beedle, 1958). This limit can be defined either 
as the "ultimate load limit state", where the structure fails in its 
capacity to carry load, or as the "serviceability limit state", where 
the functioning of the structure is impaired (Ellingwood et al., 1980). 
An ultimate load limit state results from the presence of one of 
the following conditions: 
1. loss of equilibrium in part or for the whole of the 
structure considered as a rigid body (overturning, uplift or 
sliding). 
2. transformation of the structure into an unstable mechanism 
due to very large deformation. 
3. rupture or excessive deformation of critical sections of the 
structure due to unrestricted plasticity. 
4. brittle fracture of a critical component of the structure. 
5. fracture of a critical component of the structure due to 
fatigue. 
6. general or local instability of critical sections of the 
structure due to second-order effects. 
A serviceability limit state results from the presence of one of the 
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following conditions: 
1. deformation or deterioration of any part of the structure 
such that the appearance, drainage, or normal use of the 
structure is adversely affected. 
2. deformation causing local damage to the structure itself or 
to any supported non-structural components. 
3. vibrations that affect the comfort of the occupants, the 
operation of equipment, or the continued use of the 
structure. 
Both the ultimate load and serviceability limit states are governed by 
the following considerations: 
a. loading and support conditions (static or dynamic) 
- permanent (dead) loads 
- variable (live) loads 
- accidental (impact or blast) loads 
- climatic (wind, precipitation or ice) loads 
earthquake loads 
structural movement due to creep, shrinkage, expansion 
or support displacement 
b. structural parameters 
- material properties 
- geometry (overall and local) 
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c. environmental parameters 
- temperature effects (including exposure to fire) 
- presence of corrosive conditions 
If a rational_)esign procedure is to be developed, all of these 
potential influences on structural performance must be considered, 
often with regard to each possible failure mode. Of all the failure 
.. 
phenomena that metal structures can exhibit, those relating to fatigue 
and instability are arguably the least well-understood and so command 
the attention of a considerable number of research workers around the 
world. 
3.3 Structural Stability Defined 
Structural stability can be broadly defined as the capacity of a 
structure to recover from displacement induced by an applied force or 
disturbance (Joint Committee on Rigid-Jointed Multi-Storey Frames, 
1971). Although this definition encompasses a number of conditions 
where equilibrium of a structure is disturbed, in this report the term 
"instability" will refer to those conditions where compression 
elements, members or frames exhibit a decrease in load-carrying 
capacity due to excessive deformations from their original forms. This 
condition is described by a maximum point on the load-deflection curve 
(SSRC, 1987). 
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The current trend of rationalizing structural designs in order 
that they may compete favorably in a cost-conscious market, has put 
pressure on designers to reduce both dead load and material 
conswnption. This has led to the use of increasingly slender 
components in steel structures with a consequent increase in the 
importance of stability considerations (Gioncu, 1982). Designs using 
high-strength steels similarly place great emphasis on the stability of 
compression members (Dibley, 1980). 
3.4 Factors Affecting Stability 
Since the introduction of the classical elastic buckling formula 
for a perfect slender column, much research work has been directed at 
the problems associated with structural stability. This has resulted 
in the identification of a nwnber of factors that are considered to be 
influential in determining the maximum strength of compression members. 
They can be grouped into three categories as follows (Iffland, 1976; 
Birnstiel and Iffland, 1980): 
a. Geometric factors 
- effect of joint displacements on bending moments and 
forces (P- ~ effect) 
- effect of axial force on member bending stiffness due to 
member deflection (P- o effect) 
changes in member chord-length due to axial strain and 
bowing 
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- inadvertant initial out-of-straightness (camber or sweep), 
twist or other local geometric imperfections in members 
- variation in the theoretical cross-sectional dimensions of 
members 
- dimensional variations in the structure resulting from 
fabrication and erection tolerances 
- eccentricity in loads or connections 
shearing deformations, particularly in the compression 
panel zones 
- local buckling, panel distortions or joint deformations 
- out-of-plane movement of members 
- uncontrolled displacement of supports 
- variation in the rotational and translational restraints 
at the ends of members 
- effect of stress concentrations due to copes, holes or 
other openings in member elements 
- transverse or longitudinal stiffeners and diaphragms in 
members 
- non-prismatic members 
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l 
- post-buckling behavior 
- shear lag in built-up members and box girders 
b. Material Factors 
- non-linear stress-strain relationship of material 
- residual stress distribution due to manufacturing, 
fabrication or erection processes 
- progressive yield (spread of inelastic zone) in members 
due to increase in applied forces 
- variation in yield strength 
- material discontinuities (excessive porosity or 
inclusions, etc.) 
- material inhomogeneity due to welding or to use of hybrid 
members 
- strain-hardening 
- strain reversal during member buckling 
c. Loading Factors 
- non-proportional loading 
- variable repeated loading 
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For many structures certain second-order (non-linear) effects must 
be taken into account if the results of a stability analysis are to be 
realistic, whereas in other cases the significance of these effects is 
minor. For this reason it is important that the designer select those 
parameters that are critical to the strength of the structure 
(Massonnet, 1983). 
Many of the listed factors vary randomly and a number of complex 
interdependencies are evident. Examples of these interrelationships 
include the following: 
1. a reduction in out-of-straightness by cold-straightening can 
result in an asymmetrical residual stress distribution. 
2. the presence of end restraints and end moments reduces the 
effect of initial out-of-straightness. 
3. the effect of residual stresses is of lesser importance in 
the case of high-strength steels due to the fact that 
different grades of steel develop essentially the same 
intensity of residual stress due to cooling after rolling. 
The first and second geometric factors listed in (a.) above are 
considered to be the most important non-linear effects for small simple 
structures. In more complex or large structures one or more of the 
other factors could also significantly affect the stiffness, and 
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consequently the stability, of the structure. Under an increasing 
load, the structure would demonstrate an increasingly non-linear 
load-displacement response due to the cumulative influence of each 
possible effect. The ultimate load-carrying capacity would be reached 
when the combination of factors reduce the stiffness of a critical 
member to such an extent that it becomes unstable. 
3.5 Types of Instability 
Compression elements and members are susceptible to two types of 
instability (SSRC, 1987; Chen and Liu, 1987). 
a. Bifurcation Buckling 
I 
This occurs when a member initially deforms in one mode until 
a critical load is reached at which point a different 
deformation mode takes over. Examples of this type of 
instability include the buckling of thin plate elements 
subjected to in-plane compressive forces and buckling of rings 
subjected to radial compressive forces. 
b. Limit-Load Instability 
This occurs when a member deforms in a single mode until the 
maximum or limit load is reached. Beyond this point the 
member becomes unstable. This type of instability is 
characteristic of most other structural members. 
Through investigation into the significance that secondary factors 
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have on compression members, research workers have recognized that 
instability failure generally results from a divergence from 
equilibrium rather than bifurcation (Schulz, 1977; SSRC, 1981). This 
has led to the near universal acceptance of the maximwn strength theory 
as the basis for accurate assessment of compression member stability 
(Zandonini, 1983). 
Instability failure modes are dependent upon the type of 
compression members and elements, and the conditions of loading. The 
following five distinct modes can be identified, although failure modes 
involving local buckling in combination with any of the other general 
modes can also occur: 
a. local buckling 
b. torsional buckling 
c. flexural-torsional buckling 
d. flexural buckling 
e. shell buckling 
3.6 Instability and Specifications 
In the "Comparisons and Conclusions" of the first World View 
Report (SSRC, et al., 1982) an overview of the general treatment of 
stability problems is given for those specifications that were covered 
by the project. The global trend towards· use of the limit states 
design concept has resulted in the critical review of the world's 
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"allowable stress design" specifications. Consequently, many of these 
specification-writing bodies have taken the opportunity to incorporate 
the more important second-order effects into their stability 
provisions. The World View Report indicated that specifications 
generally accounted for: 
a. residual stresses 
b. initial out-of-straightness 
c. P- f!J effects in unbraced frames 
d. variation in end restraints 
e. post-buckling behavior in plate and box girders and . 
cold-formed members 
Limiting width-thickness (b/t) ratios were specified for all 
component plate elements in order to ensure that local buckling would 
not reduce the overall compressive strength of a member. In the case 
of tubular members, limiting diameter-thickness ratios are similarly 
specified. 
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4. COOPERATION IN SPECIFICATION DEVELOPMENT 
4.1 Economic Advantages 
There are few industries that are not taking advantage of the 
growing international market for services and goods. The structural 
industry is no exception. However it is likely that the international 
exchange of technical services and structural products could be 
increased through the development of more consistent design 
specifications. Brown (1976) is adamant that "any country or any 
particular section of an industry in any country that holds aloof from 
these international activities, does so at its economic peril". 
Major engineering ventures that require a significant level of 
international cooperation for their success would benefit greatly from 
the use of un~versally accepted specifications. Prefabricated 
structural systems and components are becoming increasingly prevalent 
in the world market, and trade in these products could similarly be 
facilitated by the introduction of specifications with compatible 
provisions (Nagarajan, 1976). 
As mentioned in Section 2, efforts to produce unified design 
specifications have been made on regional bases in Europe, although the 
impact of these documents on international trade is not easily 
quantified. This trend towards increased cooperation is likely to 
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continue as future international trade agreements are expected to exert 
pressure on countries to use more consistent specifications. This in 
turn should encourage cooperation between specification-writing groups 
within each nation to develop design provisions that are 
internationally accepted. Additional economic benefits resulting from 
these improved provisions could be achieved though more efficient 
exploitation of national resources. 
4.2 Technological Advantages 
The decision to cooperate in specification development also 
provides participating countries with a valuable opportunity to join 
forces in the solution of common problems. It also enables their 
researchers to gain technical expertise in areas where other nations 
may have an edge. An example is Japan's extensive experience in the 
design of structures for seismic loading. 
The exchange of technical documentation that should accompany this 
type of cooperative effort will greatly enhance our overall 
understanding of a particular subject, thereby resulting in the 
development of the best possible solutions to corresponding problems. 
The development of EuroCode 3 (CEC, 1983) and the International 
Organization for Standardization's draft design specification for 
structural steel (ISO, 1986) has done much to stimulate world-wide 
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interest in recent advances that have been made through cooperative 
research work. It was judged to be "a rewarding exercise, and one 
which has contributed very significantly to the development of the new 
generation of [specifications] for structural work" (Lazenby, 1985). 
Many developing countries lack the necessary resources to be able 
to originate their own design provisions, and so must adopt previously 
established provisions that are suited to their particular 
circumstances. Those specifications that have been developed as a 
result of broad cooperation would be especially attractive to these 
nations (Nagarajan, 1976). 
On a national level each sector of the structural industry that 
has an interest in specification development, can contribute their 
experience in order to produce provisions that acknowledge all of these 
interests. 
4.3 Timing 
It is generally considered that the earlier a cooperative effort 
is initiated, the greater the chance of avoiding the extreme diversity 
that could arise in specifications that have been independently 
developed by various organizations or associations. 
I 
Proposed provisions cannot be accepted for incorporation into a 
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cooperative specification until each participating organization has 
gained enough experience to make a knowledgeable decision. However, if 
preparation of a cooperative specification is delayed too long, 
practice may become more divergent or else become so entrenched within 
a particular sector of the industry that any reluctance to change may 
be based purely on economic reasons (ISI, 1964). 
4.4 Problems with Cooperation 
The fair representation of all associated interests is one of the 
fundamental obligations of any such cooperative endeavor. This 
arrangement usually means that a large committee is established with 
representatives from each of the participating groups to safeguard the 
varied interests. The result is that most specification requirements 
will probably be reduced to the "lowest common denominator", which may 
be uneconomical or impractical in some cases (Kerensky, 1964). 
In reference to the development of British Standards, Kerensky 
(1964) further asserts that: "the majority of members of such 
committees are quite inert and the specification is usually written by 
a small number of generous individuals who give their own time free for 
the benefit of the whole industry". 
Because of the large number of people that inevitably become 
involved in any major cooperative effort, the development of an 
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acceptable specification can take a considerable amount of time. Rowe 
(1985) estimated the timescale for the production of any of the 
EuroCodes to be from four to six years. This protracted period of 
development necessitates a "freezing of the knowledge base" by halting 
the incorporation of new material into the proposed specification. 
This effectively means that those specifications experiencing less 
cooperation through the involvement of fewer groups, could contain more 
up-to-date provisions based on more recent research results, than those 
included in highly cooperative efforts. 
There are other factors which can deter the development of 
"-cooperative specifications even though they may be of minor consequence 
to the requirements of the provisions. The problems associated with 
the selection of acceptable nomenclature can present signficant 
barriers to cooperation, as can the reluctance to account for all of 
the various material grades, and section shapes and sizes in which 
structural metals are produced. 
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5. A NEW "WORLD VIEW" APPROACH TO THE PROBLEM 
5.1 Renewing the "World View" Effort 
The decision to renew the World View effort provides an 
opportunity to redefine the objectives, expand the topical scope, 
extend the geographical coverage, and streamline the administration of 
the project. The experience gained during production of the first 
World View Report will be invaluable in the planning and coordination 
of such a large international project. 
5.2 Setting the Objectives 
The objectives of the original project were carefully examined and 
then redefined to emphasize those aspects that the project had either 
inadequately addressed, or ignored completely. Apart from being 
deficient in its attention to the original objectives, the World View 
Report was also considered to be difficult to use as a consequence of 
its awkward format and inconsistent nomenclature. The objectives of 
the renewed effort would be: 
1. to present, in a consistent form, the latest stability 
provisions of selected design specifications, together with 
,!) 
any essential background information, 
2. to compare and contrast corresponding provisions from the 
selected specifications, 
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3. to explain why differences between comparable provisions 
exist, and 
4. to produce a document that can be easily updated and 
expanded and will be useful to researchers, practicing 
engineers and specification writers. 
5.3 Organization of the Work 
It was logical that the Structural Stability Research Council's 
task group for "International Cooperation on Stability Studies" take 
responsibility for the overall administration of the project, firstly 
because of its prior involvement in the World View effort, and secondly 
because of the extensively international nature of its membership. The 
SSRC task groups cover a wide range of stability-related topics and 
many of their members are actively engaged in the preparation and 
review of stability provisions in various parts of the world. It is 
therefore most appropriate that the SSRC should take advantage of its 
unique resource of expertise which has already shown its willingness to 
cooperate on an international scale. 
For the duration of the original World View effort, three members 
of the task group for "International Cooperation" provided guidance and 
coordination that was to be of vital importance to the project. They 
were also responsible for the overall editing of the first edition of 
the World View Report and were therefore referred to as the 
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"Coordinating Editors". This team of Coordinating Editors included 
Duiliu Sfintesco (task group Chairman), Lynn S. Beedle (SSRC Director) 
and Gerald W. Schulz, with the SSRC Technical Secretary completing the 
group. This group of Coordinating Editors should be maintained to give 
direction and control in project activities. SSRC Headquarters would 
continue to provide liason between the participants, and distribute and 
receive all project documentation. 
To facilitate the coordination of the original World View effort, 
most of the participating countries were grouped into geographical 
regions. This not only simplified the management of the project but it 
took advantage of existing cooperative programs within regions.· There 
is considerable collaboration between Canadian and American research 
workers and many of the North American stability provisions have been 
based on their combined efforts. In both East and West Europe, 
cooperation has been exceptionally close resulting in the development 
of important regional specifications. 
In order to decentralize the administration of the project, each 
region or country should appoint a "Regional Coordinator". The 
Regional Coordinators should attempt to cover all topics of interest, 
by inviting stability specialists to examine the regional provisions 
relating to their particular fields of specialty. These specialists 
would fulfill the roles of editors for the corresponding topical 
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chapters of the second edition, and so will be referred to as "Chapter 
Editors". 
Once every region has assigned its Chapter Editors to the topical 
groups, a "Topical Editor" should be nominated to head the group. The 
Topical Editors should preside over any matters that relate 
specifically to their respective chapter topics, with the intention of 
establishing a consistant approach to the topical presentation of the 
provisions and the accompanying background information. 
5.4 Project Activities 
The project activities, specified in terms of the objectives, are: 
1. Selection of the design specifications that will be 
compared. 
2. Compilation and presentation of specification provisions and 
background information. 
3. Comparison of corresponding provisions. 
4. Explanation of reasons for differences between corresponding 
• • prov1s1ons. 
5. Consideration of design implications 
The major aspects concerning each of these project activities will be 
discussed in detail. 
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5.5 Selection of Applicable Specifications 
The scope of the information to be studied is one of the first 
aspects to be determined. As the project is only concerned with the 
world's stability-related design provisions for metal and composite 
(metal-and-concrete) structures, t~e only additional limitations on 
scope will relate to the topical and geographical coverage. This will 
depend to a great extent on the availability of stability specialists 
to participate in the project. 
5.5.1 Selection by Topic 
A major consideration in determining the scope of study, concerns 
the types of structures and members that are to be included. Since 
there are both generalized and specialized structural design 
specifications in use, and each may contain a provision that is 
applicable to a unique structure or situation, it is necessary to cover 
all topics that are considered by any of the selected specifications. 
Having identified the SSRC as the most suitable organization to 
undertake the administration and coordination of the project, the 
selection of chapter topics could be based upon the activities of the 
task groups (SSRC, 1986). These closely follow many of the topical 
chapters contained in the proposed fourth edition of the SSRC "Guide to 
Stability Design Criteria for Metal Structures" (SSRC, 1987) as shown 
in Table 2. 
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The following chapter topics and scopes have been proposed and 
subsequently accepted for inclusion in the renewed World View effort: 
1. Compression Members - columns subjected to centrally applied 
loads (excluding tubular, cold-formed and composite columns) 
2. Built-Up Members - members assembled from structural shapes, 
plates and bars (excluding planar and space trusses) 
3. Beams - flexural members (excluding tubular, cold-formed and 
composite beams) 
4. Plate and Box Girders - fabricated plate and box girders 
(excluding composite girders) 
5. Beam-Columns - columns subjected to uniaxial or biaxial 
bending (excluding tubular, cold-formed and composite 
members) 
6. Frames - structural frameworks and colwnns as frame members 
7. Arches - vertically curved members 
8. Triangulated Structures - planar trusses and space frames 
(excluding shell-like reticulated frameworks) 
9. Tubular Structures - manufactured and fabricated tubular 
members (excluding composite members) 
10. Shells - conical shells, doubly curved shells and shell-like 
structures (including reticulated frameworks) 
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11. Cold-formed Members - members that are cold-formed to shape 
from hot- or cold-rolled plate, sheet or strip 
12. Composite Members - composite columns, beams, beam-columns 
and girders 
Certain provisions may be applicable to various types of 
structures or members, however it is desirable to maintain a level of 
consistancy in the nature of the selected chapter topics. Therefore, 
provisions that are common to more than one member type should be 
incorporated into the most appropriate chapter topic. For example, 
"local buckling of compression elements" would be included in 
• 
"Compression Members". 
Other general provisions and design requirements that may be 
relevant to the comparative study, should be provided for each 
specification as supplementary information. These "general topics" 
will be of particular interest when the reasons for differences between 
corresponding provisions are explained and the design implications are 
considered. Base1 on the examination of a number of specifications, 
the following general topics are considered to be typical: 
a. Limits of Applicability 
b. Material 
c. Loads and Load Combination~ 
d. Design Basis 
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5.5.2 Selection by Region 
The other important factor restricting the scope of the project 
takes into account the source of the specifications to be covered. 
This involves the identification of appropriate countries from which 
specification information can be obtained through voluntary 
representation. 
The geographical selection should be based upon the ability of a 
country to demonstrate that it either has independently developed and 
verified its own stability provisions, or has adopted provisions that 
have subsequently been used to perform a substantial volume of 
structural design work. It may be difficult to use these criteria to 
identify all of the nations whose specifications may be of interest to 
the project, and therefore an alternative means of identifying nations 
to participate in the project is needed. The statistics that would be 
most relevant would be those giving the consumption of metal for 
structural purposes. However these statistics are not readily 
available for all countries. Statistics for steel production can be 
easily obtained, and while this may generally offer some indication of 
each nation's relative level of technological development, in some 
cases it may bear little relation to the amount of structural design 
work that is actually undertaken there. The major steel producing 
countries of the world are listed in Table 3. 
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Wherever stability-related research work is conducted, it can be 
assumed that current structural design practice is being investigated 
and that existing provisions could be challenged. A listing of those 
countries where structural stability problems have received attention 
since 1975 is given in Table 4. Also identified are those countries 
where the SSRC is represented by either a full Council member, or a 
task group member. 
Based on information provided by Tables 3 and 4, the following 
nations are identified as being possible participants in the renewed 
World View effort, with regional groups being indicated where 
appropriate: 
Australia 
Brazil 
East Europe (Bulgaria, Czechoslovakia, East Germany, 
Hungary, Poland, Romania, USSR) 
India 
Japan 
North America (Canada, USA) 
People's Republic of China 
South Africa 
Turkey 
'i', 
West Europe (Austria, Belgium, France, Italy, Luxembourg, 
Netherlands, Spain, Sweden, United Kingdom, 
West Germany, Yugoslavia) 
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Other countries which are not known to be engaged in stability 
research, but do have significant structural industries are: 
South Korea 
Taiwan 
The countries and regions that have subsequently become involved 
in the renewed World View effort are; Australia, East Europe, Japan, 
North America, the People's iepublic of China and West Europe. Table 5 
shows all participants who are currently involved in the renewed World 
View effort. 
Within each region or country it is necessary to limit the-
coverage of stability provisions to those specifications that are 
either in current use, are tentative or are most likely to be adopted 
for use. (See Appendix 3 for the selected North American specifications 
that were considered to be "applicable reference standards"). As the 
project is only concerned with specifications that have been accepted 
for use in structural design practice, independent recommendations by 
researchers should not be included in the study. 
The procurement of copies of the relevant specifications and their 
distribution to the appropriate Chapter Editors should be undertaken by 
the Regional Coordinators. For those regions that have a considerable 
number of specifications, and especially those where more than one 
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language is involved, this may be a difficult and costly exercise. The 
Regional Coordinators will generally be expected to encourage their 
Chapter Editors to maintain the project's production schedule, 
providing assistance whenever necessary. They will also be responsible 
for relaying general information concerning the project between the 
Coordinating Editors and the Chapter Editors. 
5.6 Compilation and Presentation of Specification Provisions 
There are four important aspects of the presentation of the 
specification provisions that require consistency. The first three 
concern the contents of the presentation while the fourth relates to 
the format in which the presentation is made. 
Consistency in content is the most difficult to achieve as it 
necessitates transcription of the provisions and their associated 
commentaries into a form that uses common language, nomenclature and 
subdivision of subject matter. 
5.6.1 Language 
English is considered to be the most suitable language for the 
project since it would appear that it is more universally used in 
technical literature than any other single language. Many provisions 
will therefore need to be translated from their original languages. 
This can be time-consuming and difficult due to the technical nature of 
the documents. 
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5.6.2 Nomenclature 
Conflicting nomenclature has been a source of confusion for many 
comparative studies. Although the use of consistent symbols, 
terminology, abbreviations and units is vital for a comparison of this 
nature to be effective, there is a, danger that the task of ( 
standardizing the nomenclature could occupy far more time and effort 
than is warranted. Selection of standard nomenclature is a notoriously 
controversial issue, and if too much attention is devoted to this 
problem the project may stimulate antagonism between participants 
rather than the desired cooperation. 
Any attempt to produce uniform nomenclature is only made with a 
view to simplifying the job of comparison. It should not be seen as a 
recommendation of one system over another. To avoid this connotation 
' 
with the word "standardized", the consistent nomenclature that is to be 
used for the presentation of the provisions should be referred to as a 
"Master Guide to Nomenclature". The objectives of this "Master Guide" 
would be to eliminate any ambiguities and to simplify the selected 
nomenclature wherever possible. Although uniform nomenclatt1re is used 
to a large extent in the structural literature, it is probable that 
each chapter topic also makes use of some specialized symbols and ~ 
terminology. To account for this, the Topical Editors should initiate 
the effort to produce those portions of the "Master Guide" relating to 
symbols and terminology by establishing independent 0Topical Guides to 
Nomenclature". 
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Variation amongst symbols and their definitions is considered to 
be one of the most significant sources of problems for the project, and 
therefore attention will initially be focused on this aspect of the 
nomenclature. The suggested notation that has been issued by the 
International Organization for Standardization (ISO, 1982) should be 
used as a starting point for the "Master Guide to Symbols". Other 
documents that can provide symbols and definitions for consideration 
are: 
- Steel Structures, Materials and Design, ISO/TC 167/SC 1, 
Working Draft (ISO, 1986), 
- The original World View Report (SSRC et al., 1982), and 
Major specifications used by the selected regions or 
countries. 
A system for making a rational selection from the contributed 
symbols has been developed, making use of a computerized database 
management system for microcomputers. A database of symbols has been 
set up as outlined below, and currently contains 623 records. 
From the list of accumulated symbols, all subscripts and 
superscripts were identified, assigned a definition and listed. Due to
 
the inability of the database management program to recognize 
subscripts, superscripts or greek letters, these were all entered in 
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"spelled word" form. The "greek letters" have been entered into a 
separate database from that containing the "roman letters" so that a 
logical sequence of symbols could be maintained when producing printed 
lists. All subscripts and superscripts have been identified as 
follows: 
subscript ( SUB- ) 
superscript = (SUP- ) 
Therefore the symbol Af was entered as A(SUB-f). 
The database makes use of the following data fields: 
/ 
a. Symbol 
b. Definition 
c. Topical usage (by chapter) 
d. Regional and other usage 
e. Recommendation for "Master Guide" 
The organization of the list of symbols is based on the following 
format: 
a. the sequence of the listing is; 
1. subscripts and superscripts 
2. roman letter symbols 
3. greek letter symbols 
b. symbols are listed alphabetically 
c. all upper-case letters precede lower-case letters 
d. numerical sub- or superscripts precede alphabetical ones 
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Definitions of the symbols were simplified as far as possible, and 
, 
an effort to use consistent terminology has been made. 
Topical usage is indicated, in the field labelled "CHAPTER", by 
means of the chapter numbers as follows: 
01 Compression Members 
02 Built-Up Members 
03 Beams 
04 Plate and Box Girders 
05 Beam-Columns 
06 Frames 
07 Arches 
08 Triangulated Structures 
09 Tubular Structures 
10 Shells 
11 Cold-Formed Members 
12 Composite Members 
Where a Topical Editor recommends the use of a particular symbol, the 
corresponding chapter number is preceded by a"#" character. 
The following single letter abbreviations have been used, in the 
field labelled "USE", to indicate the international and regional usage 
of a symbol: 
I International Organization for Standardization, 
ISO 3898-1976, including Addendum 1-1982 (ISO, 1982) 
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A Australia 
C People's Republic of China 
E East Europe 
J Japan 
N North America 
W West Europe 
The usage of a symbol in the third edition of the SSRC "Guide to 
Stability Design Criteria for Metal Structures" (SSRC, 1976) is 
indicated by means of a "G" in the "USE" field. 
Where a symbol is used by a major specification, the ISO or 
. 
regional abbreviation is followed by a"+" character. The following 
specifications were considered: 
I+ ISO/TC 167/SC 1 (ISO, 1986) 
A+ AS 1250-1981 (SAA, 1981) - Australia 
N+ AISC I.RFD (AISC, 1986) - North America 
W+ Eurocode No. 3 (CEC, 1983) - West Europe 
To assist in the selection of symbols for the "Master Guide", the 
symbols can also be listed according to their definitions and 
subsequently evaluated to determine the best alternative, where more 
than one symbol exists for the same definition. This should result in 
one symbol being selected for use in the "Master Guide" for each unique 
definition. The selection of a representative definition is necessary 
,vhere a number of similar definitions are available. 
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Symbols that have been provisionally eliminated from the list are 
identified by a"*" character in front of the symbol. Symbols that are 
recommended for inclusion in the "Master Guide", but were not taken 
from any of the specified source documents, are shown with a">" 
character in front of the symbol. 
Appendix 4 gives a sample of the alphabetical listing of symbols 
and Appendix 5 gives a sample of the listing of symbols sorted 
alphabetically according to their definitions. 
The final version of the "Master Guide to Symbols" could take one 
of the following forms: 
1. A condensed listing of symbols which would contain only 
subscripts, superscripts and root symbols. A symbol using a 
combination of these would only be listed if its definition 
could not be clearly determined from those of the individual 
components. If a symbol is pertinent to particular chapter 
topics, those chapter numbers would be specified. Thus the 
same symbol may have more than one definition for different 
chapter topics. 
2. A full listing of all symbols, subscripts, and superscripts 
in addition to any combinations that may be used. This form 
of listing would be considerably longer than the previous 
one. Again, symbols with more than one definition would be 
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listed for different chapter topics. 
The following recommendations should be considered during 
development of the "Master Guide": 
1. The ASCE Ad Hoc Committee on Nomenclature recommended the 
use of actual component symbols for simple ratios rather 
than a single greek letter symbol (ASCE, 1971). Therefore 
"aspect ratio" would be expressed in terms of its linear 
values " ( a/b)" instead of "alpha" . 
2. Superscripts should be avoided due to the confusion that 
would exist when indicating that a value is to be raised to 
a power. 
3. Lowercase letter "l" should be avoided due to potential 
confusion with the numeral "l" when using some typefaces. 
) 
The terminology that is given in a glossary is closely associated 
with many of the definitions used for a related list of symbols. 
However technical terms should be afforded similar treatment if 
consistency is.to be achieved. Although it is necessary to develop a 
complete glossary of terms, special care must be taken to avoid the use 
of terms that can be incorrectly interpreted. (For example the term 
"factored value" should be used instead of "design value".) 
'j 
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In the case of units, these should be non-dimensionalized wherever 
possible. However where use of specific units cannot be avoided, both 
SI units and the regional units (metric or US, etc.) should be 
provided. 
5.6.3 Characteristic Topics 
To further promote consistency in the content of the document, 
prov1s1ons should be presented in terms of a set of "characteristic 
topics". The characteristic topics should be determined for each 
chapter by its corresponding group of Chapter Editors, and should 
identify the major stability aspects that are covered by the relevant 
provisions. The purpose of subdividing each chapter topic into 
characteristic topics is: 
1. to present the provisions of each specification in terms of 
a clearly defined framework that will facilitate comparison, 
and 
2. to ensure that the information within each specification is 
identified in a systematic and comprehensive manner. 
The full chapter group should collaborate to produce a 
sufficiently complete set of characteristic topics for their particular 
structure or member type. A full list of characteristic topics that 
has subsequently been proposed by the project participants, is given in 
Appendix 6. 
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5.6.4 Format 
The format in which the provision material is presented is 
governed by factors related to how the document is to be used. The 
first World View Report provided a valuable lesson in the importance of 
a well-planned format by exposing problems that made the document 
unnecessarily difficult to use. Future versions will have to be 
better-organized if they are to be used effectively. 
The overall requirements for a successful technical document of 
this nature are: 
1. that the user can locate a specific section of the document 
quickly and reliably, and 
2. that further information regarding references and 
definitions, is readily accessible to the user. 
These requirements can generally be met through selection of a 
comprehensive set of characteristic topics, careful sequencing of the 
document's component sections and the inclusion of an effective 
indexing system. 
An index in the form of a matrix, can be used to identify the 
relationships between the design specifications and the characteristic 
topics. As shown by Table 6 the "index matrix" will be set up such 
that the general provisions and design requirements, the chapter topics 
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and the characteristic topics will be listed vertically and the 
selected specifications will be listed horizontally. If any 
specification contains a provision that concerns a particular 
characteristic topic, this will be indicated by the presence of a 
unique identification code in the corresponding cell of the index 
matrix. If one considers that the project will proceed in successive 
stages, it is evident that the first instance where this section of the 
docwnent would be used will be during the comparison stage. The index 
matrix would clearly indicate the extent of the topical coverage for 
each specification. This would be useful for identifying those sets of 
provisions that can be compared. 
During early discussions on the format to be used for the 
presentation of specification provisions in the second edition, it was 
suggested that the Chapter Editors should follow the pattern that had 
been used in the first edition's Japanese section on "Compression 
Members" (SSRC et al., 1982). This example, reproduced in Appendix 7, 
consists of a brief statement of the relevant provision for each of the 
current specifications, followed by a short commentary. 
The above suggestion forms the basis for a more effective format 
where the pertinent provision would be presented first, followed by a 
brief commentary, for each characteristic topic. If possible, the 
immediate source of each item of information should be identified in a 
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"reference column" on the right-hand side of the provision or 
commentary, and a list o~ references provided at the end of the 
l) 
presentation. Where appropriate, the specification provision and 
commentary should be presented in a graphical or tabular form, 
expressed in terms of predetermined parameters for consistency. The 
actual specification provisions should be clearly identified by use of 
a distinguishing mark (for example a solid vertical line positioned on 
the left-hand side of the provision). 
A "sample presentation" of provisions and associated commentary 
for two North American specifications is given in Appendix 8. This 
includes the material for two characteristic topics relating to 
"Compression Members". 
5.7 Comparison of Specification Provisions 
Once the provisions for a particular characteristic topic have 
been fully presented for more than one specification, the comparison 
can begin. It has been suggested by the project participants that 
general concepts on which specification provisions are based, could be 
identified for each characteristic topic. By establishing which of 
these general concepts are used in each specification it should be 
possible, by means of a "concept matrix", to determine at a glance 
where differences in provisions occur. Comparisons should be carried 
out for each characteristic topic by identifying any differences 
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between the corresponding provisions. In the case where a 
specification does not cover an item that is handled by another 
specification, this fact should be noted in the comparison. Items 
should be dealt with in the same sequence in which they were presented, 
and reference should be made, in a "reference column", to the 
appropriate identification codes that are used in the cells of the 
index matrix. 
As with the presentation of the provision material it will be 
advisable to present the differences in a graphical or tabular form in 
order to emphasize any disparity. 
Where two or more specifications from the same region cover the 
same characteristic topic, an intraregional comparison should be 
performed by the Chapter Editor concerned prior to any interregional 
comparison. 
A "sample comparison" has been completed for the same 
specifications that were given in the preceeding "sample presentation" 
(see Appendix 9). 
5.8 Explanation of Reasons for Differences 
This is the most important task facing the World View 
participants. It will require an exceptionally clear understanding of 
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the particular stability problem being considered in addition to total 
familiarity with the variety of alternative approaches that are offered 
by current design specifications. 
On a global level this requirement is of such magnitude that it is 
unlikely to be adequately satisfied by a single person. Therefore it 
is suggested that the explanation of why differences between provisions 
exist should be undertaken by each of the full chapter groups at a 
face-to-face discussion. For this direct interaction between Chapter 
Editors to be productive, all explanations should be approached 
objectively with the intention of promoting mutual understanding rather 
than confrontation. 
A meeting to perform the comparisons and to explain the reasons 
for differences in the specification provisions has subsequently been 
held near Paris, France. Although full attendance by all Chapter 
Editors was not achieved, the immense value of such an opportunity for 
face-to-face discussion was immediately realized by those who were 
present. 
The explanation of the reasons for differences in specification 
provisions can be carried out as soon as the comparitive stage has 
identified that any differences exist. Where appropriate, intra-
regional explanations should be determined before the interregional 
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explanations are attempted. The explanations should follow the same 
sequence in which the comparisons were made. and references to the 
corresponding comparison items should be given. Both the "comparison" 
and the "explanation'' material should be indexed by a "comparison 
matrix" as shown in Table 7. This would be similar to the index matrix 
in that the general topics, chapter topics and characteristic topics 
would be listed vertically, but regions would be listed horizontally to 
indicate cases where intraregional comparisons have been completed. 
The last column of the matrix would refer to the international 
comparisons and explanations which should have been performed for each 
characteristic topic. 
A "sample explanation", corresponding to the two previous samples 
is given in Appendix 10. 
5.9 Consideration of Design Implications 
To determine the implications that the differences between 
specification provisions may have on a particular design, additional 
factors must be considered. Design loads, material grades, the use of 
safety factors or load and resistance factors, all play an important 
role in the design process. A stability provision should be regarded 
as an integral part of the whole design specification, and not as an 
independent entity that can be examined in isolation from the rest of 
the specification. This fact is clearly illustrated in the comparative 
-60-
design study that was carried out by Konishi et al. (1969). The 
presentation of the "general provisions and design requirements" should 
provide pertinent information regarding these factors. 
5.10 General Format for Document 
The page format that has been used for the samples given in 
Appendices 8, 9 and 10 would be suitable for a single-sided page 
arrangement. This format makes full use of the right-hand margin to 
present ident\fication and reference information in a readily 
accessible manner. 
One of the objectives of the World View project is to prod~ce a 
printed Report that will be arranged in such a way that it can be 
easily updated to account for specification revisions, or extended to 
include additional regions or topics. One effective method of ensuring 
that this can be done quickly and inexpensively is to use a loose-leaf 
binding system which would allow pages to be added or replaced as the 
document is revised. This would also allow the document to be 
organized either by chapter topic or by specification, according to the 
user's requirements. 
Prior to publication, all sections of the document should be 
converted to computerized files using a scientific word processor in 
order to facilitate editing and manipulation of the components. Each 
-61-
( 
'. 
file would be identified by means of the same codes used in the index 
and comparison matrices. These files could be included in a 
computerized database that would be accessed by a user as an 
alternative to the printed document. 
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6. THE VALUE OF A RENEWED EFFORT 
Section 4 of this report has already identified many of the 
advantages associated with any technical project that relies as heavily 
on international cooperation as does the World View effort. Whereas 
these benefits will become evident during the preparation of the 
documentation, the real value of the renewed effort will only be 
realized once the second edition of "Stability of Metal Structures - A 
World View" has been published. 
The second edition is likely to be an indispensible reference 
document to anyone who has an interest in the field of structur~l 
stability including those who are involved in specification-writing, 
research, practice, and education. Some of the more prominent benefits 
that could be derived from the new edition are given below: 
6.1 Basis for Rational Evaluation 
One of the most important opportunities that will be raised by the 
completion of the World View Report, is that of conducting a rational 
evaluation of the stability design provisions that are currently used 
around the world. 
Organizations and institutions that are involved in stability-
related research will be able to use the Report to determine which 
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approaches provide the most soundly-based m
eans of satisfying 
structural requirements, while improving o
verall economy and 
maintaining consistent performance and safe
ty. This should result in 
progress towards a more unified approach to
 the problems of 
instability. 
6.2 Improvements in Stability Provisions 
It is hoped that the Report would encourage
 the improvement of 
existing stability provisions by exposing s
pecification writers to 
provisions from many of the most important
 structural design 
specifications in the world. This improvem
ent could result from: 
1. consideration of approaches that incorp
orate results- of 
research unknown outside the region in whic
h it was 
conducted, or 
2. establishment of a better framework int
o which stability 
provisions can be logically incorporated m
aking them more 
comprehensive, understandable, and useful. 
Improvement in stability provisions should 
in turn lead to more 
reliable designs for metal structures. 
6.3 Establishment of a Research Agenda 
By identifying those areas where there is disa
greement between 
specifications, the Report should draw atte
ntion to subjects that 
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require further investigation by research workers. Such investigations 
could take the form of: 
1. reexamination of existing data in the light of more recent 
knowledge, 
2. continuation of research (experimental or theoretical) to 
cJ~solve differences between research results, or 
·~ 
3. initiation of new research to improve the understanding of a 
particular stability problem. 
By the same token the Report will provide a basis by which those 
organizations that support the research financially can see a 
justification for the needed expenditure. 
6.4 Use by Practicing Engineers 
The Report could be used by practicing engineers to familiarize 
themselves with those stability provisions with which they will be 
working in the future. This could be especially useful for designers 
who are engaged in work with specifications from other countries, or 
that are applicable to types of structures other than those with which 
the designer is already familiar. 
Although the engineer would be able to use the Report to perform 
the necessary stability checks for a particular specification, it would 
generally be used to increase the designer's general understanding of 
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how that specification deals with stability problems. 
6.5 Use as a Research Tool 
By providing the specification provisions together with relevant 
background explanations, the Report could serve as a valuable research 
tool. It will contain detailed information concerning the current 
state of the world's stability design practice and should identify the 
immediate source of reference for each provision. 
6.6 Use as an Educational Aid 
The Report could serve as a useful aid in the education of 
structural engineering students. Stabi]ity provisions will be· 
logically presented with sufficient explanation to enable the student 
to become familiar with the relationship between a specification and 
the structural behavior that it reflects. 
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7. FUTURE WORK 
7.1 Updating and Extending the New "World View Report" 
The publication of the second edition of the World View Report 
should not be viewed as the conclusion of the project. The value of 
such a document is always dependent upon how current the contents are, 
and thus a mechanism should be developed to assure that the Report is 
kept up-to-date. The SSRC task group for "International Cooperation" 
(Task Group 11) could well be the best agency to take on this 
responsibility. 
One of the major objectives of the renewed effort stated that the 
document should be set up with the intention that it would be updated 
to accommodate any revisions to the referenced specifications. 
Although it would be unnecessary to retain the full group of World View 
participants to maintain the documentation, the Regional Coordinators 
(as members of Task Group 11) should be given the responsibility of 
monitoring their respective specifications for any significant changes. 
If the World View Report is maintained on a regular basis, the 
substantial amount of time and effort that will have been invested in 
the project up until the time of publication of the second edition, 
will be utilized to the maximum advantage for future editions. 
Reference to Section 5 of this report shows that there are other 
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regions that have not been covered by the project to date, but that are 
considered to have appropriate provisions. They should also be 
incorporated into future editions. It is important that this 
continuing project should attempt to include as many of the world's 
stability provisions as possible. 
The maintenance and extension of the documentation should be open 
to any interested organization, institution or individual that is in a 
position to contribute information on stability provisions for metal 
and composite structures. The voluntary contribution of such 
information should be encouraged and wou}d do much to sustain the 
cooperative spirit that is so crucial to the success of the proJect. 
Each new contribution would be recognized through the addition of cells 
to the index matrix. The subsequent comparison with material in the 
prior edition would then be undertaken either by the Chapter Editor 
making the new contribution or by the appropriate Topical Editor. The 
second edition would provide the framework for making the comparison. 
7.2 Computerization 
The production of a fully computerized version of the second 
edition of the World View Report is a desirable goal. 
If computerized files had not already been established during 
initial production of the second edition, they would now have to be 
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created for each cell of the index and comparison matrices. These 
files would then be incorporated into a database that would use the 
following additional fields to identify each cell: 
a. general topic, or chapter topic and characteristic topic 
b. region and/or country 
c. specification title 
d. cell nwnber 
e. related cell nwnbers 
Using the retrieval capabilities of a suitable database management 
system, the user would access the contents of particular cells by 
specifying one or more distinctive identifiers. Using the retr{eval 
program, it should be possible to determine which specifications deal 
with a certain characteristic topic, as well as which characteristic 
topics are covered by a particular specification. A typical 
interactive session might follow the example given below: 
1. The user is asked whether information is wanted by "general 
topic", "chapter topic", "region" (or "country"), 
"specification" or "cell number". 
2. If the user selects "chapter topic"·, the system lists all 
chapter topics. The user is requested to select one of 
these for consideration. 
3. The user is then shown a list of all the characteristic 
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topics that are appropriate to to the selected chapter 
topic. The user is requested to select one of these. 
4. Having selected a characteristic topic, the user is 
presented with a list of regions that have specifications 
containing pertinent provisions. The user can specify any 
number of these regions for examination. 
5. Having indicated which of the regions are of interest, the 
user is shown a listing of the corre ponding specifications 
that consider the selected chara ristic topic. 
6. The contents of the required cell are subsequently accessed 
by selecting the listed specifications, one at a time. The 
required information can then be displayed or printed. 
7. The user is finally asked whether the associated 
"comparison" and "explanation" are required. Similarly, 
both of these can similarly be displayed or printed. 
If a cell nulnber were to be selected from the "comparison matrix", 
all specifications that are involved in that comparison could be 
identified by means of the field containing the "related cell numbers". 
It should also be possible to enter a key word or phrase for which the 
entire database could be searched .. This would be especially useful 
wherever a minor subject is treated by more than one characteristic 
topic. 
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The computerized World View Report should include auxiliary files 
that could provide the user with rapid access to the nomenclature, the 
list of references, and a companion document containing copies of the 
original specification provisions. Access to information contained in 
these files should be possible by highlighting the item for which 
further detail is required. This could be done at any place within the 
contents of any cell. For example, by highlighting a symbol that 
occurs in the file containing a specification provision, and requesting 
its definition, the program should access the auxiliary file containing 
the "Master Guide to Symbols", and display the required definition. 
The full index matrix would contain a considerable number of cells 
. 
(the product of the number of specifications, and the number of 
characteristic topics) and may be extremely difficult to present in a 
printed form. This will undoubtedly affect the ease with which 
required information can be found. The computerized version should 
save the user a considerable amount of time and effort in locating this 
information. It would fulfill the role of the index matrix by 
indicating the existance of relevant material, and will eliminate the 
need for the user to become familiar with the organization of the 
Report -- a necessity in the case of the printed version . 
. i, 
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7.3 Application of Knowledge Systems 
A brief discussion of the possible applications of computer-based 
knowledge systems to the World View project is presented in this 
section. While the project is maintained as an independent entity, 
three types of knowledge systems could be considered for potential 
application. 
7.3.1 Retrieval of Information Using Natural Language 
This application would require a system that is capable of 
performing text analysis, information retrieval and natural language 
interfacing. The aim of the system would be to deal with large volumes 
of data without subjecting the user to long response times. Th~ system 
would be queried using natural language phrases that could be entered 
in an informal format~~ Systems that can demonstrate these capabilities 
have been successfully developed (Eible, 1985) and could be applied to 
access a computerized version of the World View Report. 
7.3.2 Comparison of Specification Provisions 
For a knowledge system to be able to perform automatic comparison 
of specification provisions, each provision would have to be converted 
from the current natural language form to a well-structured and 
consistent format that would be suitable for use by the system . 
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Stability provisions are generally well defined and always exist 
as documented knowledge. This would make the task of knowledge-
acquisition fairly straightforward, requiring little use of heuristics.
 
Only in the case where a provision could be interpreted in more than 
one way, would the development of the knowledge base encounter any 
major difficulties. Rosenman and Gero (1985) consider a "rule-based" 
system to be the most appropriate for representing the knowledge 
contained by design specifications. Provisions are generally expressed
 
in a form that closely resembles the "rule-form" of a "production 
sys tern" or a "dee is ion tab le" . 
Production systems contain "condition-action rules'' that a~e 
considered to be a natural way to define the action to be taken in a 
predetermined situation. A decision table is composed of a set of 
condition-action rules, each of which can concern the same parameters, 
but can be processed simultaneously. Decision tables have been used i
n 
previous projects involving the representation of specification 
provisions (Fenves, et al., 1969; Harris, et al., 1979; Wright and l 
Lyons, 1986). 
Once the provisions have been converted to the rule-form necessary 
for use by a knowledge system, the comparison could be performed by 
systematically analyzing these rules. 
" 
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7.3.3 Evaluation of Specification Provisions 
This application would use an extension of the previous knowledge-
based system. The system would be capable of accessing more of the 
knowledge contained in the commentaries associated with each provision. 
It should be possible for the user to ask the system why a particular 
provision requirement is necessary and how the provision was developed. 
7.3.4 Stability Knowledge System 
If the World View project was to be incorporated into a more 
general ''stability knowledge system", further applications could be 
developed. These would allow a user to trace any aspect of stability 
from the earliest recorded study to the most current research, 
including any instances where specification provisions deal with that 
particular aspect. 
For such a system to work, it would have to contain numerous 
additional knowledge bases including stability-related research 
results, an extensive bibliographic database, and data on section 
shapes and sizes of structural members. Used as a structural design 
aid, a practical problem could be generated and analyzed by entering 
known physical parameters of a structural arrangement. The knowledge 
system would provide information on the most likely stability problems 
that could be encountered and under what conditions they would occur. 
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Ultimately it may even be possible that a knowledge system could 
be developed to generate stability provisions from research results. 
The value of such a system would be considerable as it is becoming more 
and more difficult for human experts to assimilate the vast quantities 
of research data that are constantly being produced. 
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8. SUMMARY 
A wide variety of design approaches have been developed to 
overcome the many problems that are associated with instability failure 
in metal and composite (steel-and-concrete) structures. This diversity 
is clearly reflected when one examines the stability provisions of the 
world's structural design specifications. 
' l 
Although the area of stability has attracted considerable interest 
among research workers who are increasingly participating in 
cooperative efforts, specification provisions are slow to follow the 
research trends. There are also aspects of stability theory wh~re the 
specialists strongly disagree with respect to what should be 
incorporated into design specifications. 
A number of comparative studies have been carried out on stability 
provisions of various specifications around the world, but most of 
these do not identify the fundamental reasons for any differences that 
become evident. It is the explanation of these reasons that is needed 
if stability provisions are to be evaluated in a rational manner, so 
that improved provisions can be developed. A more unified approach to 
the development of stability provisions should lead to increased 
reliability in the design of structures. 
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The original "World View" project, undertaken jointly by the SSRC, 
ECCS, CRCJ and CMEA, did much to confirm the existance of a number of 
differences between the stability provisions that are contained in the 
design specifications of North America, West Europe, Japan and East 
Europe. However, this project, while covering a great many of the 
world's major specifications, also fell short of providing the much 
needed-explanation of the reasons for the disparity in corresponding 
provisions. 
The near-universal adoption of Limit States Design approaches has 
resulted in the revision of many of the structural design 
specifications around the world. The revision process has in mqny 
cases prompted a review of the stability provisions, which in turn has 
i 
stimulated interest in approaches that have been used by other 
specification-writing bodies. Thus a renewal of the "World View" 
project with the specific aim of explaining the reasons for the 
differences in provisions, was considered to be of great value. 
The decision to revive the project provided the opportunity to 
extend the topical and geographical coverage of the original "World 
View Report" in addition to streamlining the administration of the 
project and improving the final format of the document itself. 
In order to obtain a complete explanation of the reasons behind 
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the variation in provisions, a number of contributing factors were 
considered by the study. These concerned (1) the functions and 
development of design specifications, and (2) a thorough investigation 
of the physical factors that are believed to influence the stability of 
a structural element, member or frame. 
Detailed plans for the effective selection of appropriate 
stability specifications, and presentation and comparison of the 
provisions and their associated commentaries, have been proposed for 
use by the project. This includes the establishment of consistent 
nomenclature, which would be used to express all documentation in a 
uniform manner. Subsequent to their development, many of these 
proposals have been implemented by the coordinators of the "World View" 
project. Although the task of determining why the differences between 
provisions exist is a difficult one, a logical and comprehensive 
framework has been set up to facilitate many of the necessary 
activities. 
The value of producing a new edition of the "World View Report" 
has been discussed in terms of both the cooperation that the project 
will promote during its development stages, and the usefulness of the 
completed publication to specification writers, research workers, 
practicing engineers, and educators. 
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The immense volume of material that would be contained by the 
second edition of the "World View Report" makes it essential that the 
resulting knowledge base be computerized if it is to be utilized to the 
greatest extent. This would greatly enhance its value as a dynamic 
resource because the contents could be more easily updated or extended. 
It would appear that the results of the project should be adapted 
and incorporated into a computer-based knowledge system with the 
ultimate aim of amalgamating such a system with a more extensive 
stability knowledge system. This could produce a powerful tool which 
would evaluate stability provisions by considering the results of all 
relevant stability-related research. 
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WORLD VIEW CHAPTERS CONTRIBUTORS 
(Second Edition) 
No. Topic Japan North America We
st Europe East Europe 
1 Compression Members M. Wakabayashi R. Zandonini G
. \,l . Schulz 0. Halasz 
L. Tall M. Ivanvi 
2 Built-Up Members T. Suzuki B. G. Johnston L. F
inzi 0. Halasz 
M. Ivanvi 
3 Beams Y. Fukumoto T. V. Galambos J. Lindn
er 0. Halasz 
M. Ivanvi 
4 Plate and Box Girders F. Nishina A. Ostapenlco C. Mas.sonnet
 0. Halasz 
M. Ivanyi 
5 Beam-Columns H. Akiyama w. F. Chen J. Strating 
0. Halasz 
M. Ivanyi 
6 Frames S. Morino L. w. Lu u. Vogel 0
. Halasz 
C. Mas sonnet M. Ivanyi 
7 Triangulated Structures T. Nakamura T. V. Galambos P. Dubas 0. 
Halasz 
C. Urbano M. Ivanyi 
8 Shells s. Kobayashi A. Chajes D. Vandepitte 0. Halasz M. Ivanyi 
9 Composite Members M. Wakabayashi G. Winter P. J. Dowling - - -
10 Cold-Formed Steel - - - s. J. Errera J. w. Stark 0. Halas
z 
M. Ivanyi 
TABLE 1: Contributors to the First Edition of the "World View Report" 
(SSRC et al., 1982) 
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WORLD VIEW CHAPTERS SSRC TASK GROUPS SSRC "GUIDE" CHAPTERS 
(Second Edition) (Draft - Fourth Edition) 
1. Compression Members TG-1 Centrally Loaded 1 - Centrally Loaded 
Columns Columns 
2. Built-Up Members TG-26 Stability of Angle 11 - Columns With Lacing, 
Struts Battens or Perforated 
Cover Plates 
12 - Hill Building Columns 
3. Beams TG-15 Laterally Unsupported 5 - Laterally Unsupported 
Beams Beams . 
4. Plate and Box Girders TG-27 Plate and Box Girders 6 - Plate Girders 
TG-14 Horizontally Curved 
Girders 
5. Beam-Columns TG-3 Beam-Columns 8 - Beam-Columns 
. 
6. Frames TG-4 Frame Stability and 16 - Frame Stability 
Columns as Frame 
Members 
7. Arches 17 - Arches 
8. Triangulated Structures 
9. Tubular Structures TG-18 Unstiffened Tubular 14 - Circular Tubes and 
Members Shells 
TG-22 Stiffened Cylindrical 
Members 
10. Shells TG-17 Doubly Curved Shells 18 - Doubly Curved Shells 
and Shell-Like and Shell-Like 
Structures Structures 
11. Cold-Formed Members TG-13 Thin-Walled Metal 13 - Thin-Walled Metal 
Construction Construction 
12. Composite Members TG-20 Composite Members and 10 - Composite Columns 
Systems 
4 - Plates 
/ 9 - Tapered Structural 
Members 
, 
15 - Members with Elastic 
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9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 
29. 
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31. 
32. 
33. 
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Poland 
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United Kingdom 
South Korea 
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Belgium 
South Africa 
North Korea 
East Germany (., 
Mexico 
Australia 
Turkey 
The Netherlands 
Yugoslavia 
Taiwan 
Sweden 
Austria 
Hungary 
Luxembourg 
Venezuela 
Argentina 
Bulgaria 
Finland 
Others 
World Total 
E - Estimated Value 
Production 
160.0 
98.3 
73.8 
51.9 
37.1 
22.9 
21.2 
17.9 
17.4 
15.3 
14.8 
14.6 
14.1 
13.8 
12.0 
11.9 
9.7 
9.1 
9.0 
7.9 
7.1 
6.7 
6.0 
5.3 
5.3 
5.2 
4.7 
4.3 
3.8 
3.7 
3.5 
3.2 
2.9 
2.6 
17.5 
714.2 
E 
E 
E 
E 
E 
E 
E 
E 
{Mt) 
TABLE 3: Major Steel Producing Nations of the World for 1986 
(IISI, 1987) 
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*Australia 
*Austria 
*Belgium 
*Brazil 
Bulgaria 
*Canada 
*Czechoslovakia 
*Denmark 
East Germany 
*France 
*Greece 
Hong Kong 
*Hungary 
India 
Iraq 
*Israel 
*Italy 
*Japan 
Luxembourg 
*The Netherlands 
*Norway 
*People's Republic of China 
*Poland 
*Portugal 
*Romania 
Saudi Arabia 
*South Africa 
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*Sweden 
*Switzerland 
*Thailand 
*Turkey 
*United Kingdom 
*United States of America 
USSR 
*West Germany 
Yugoslavia 
* Countries where the SSRC is represented by a full Council 
member, or a task group member. 
TABLE 4: Countries That Have Undertaken Stability-Related Research 
Work Since 1975 
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AISC 
ASCE 
BSSC 
CEC 
CMEA 
CRCJ 
CTICM 
EGGS 
EEC 
IISI 
ISE 
ISO 
LR.FD 
NEHRP 
SAA 
SSRC 
ABBREVIATIONS 
American Institute of Steel Construction 
American Society of Civil Engineers 
Building Seismic Safety Council 
Commission of the European Communities 
Council for Mutual Economic Aid 
Column Research Committee of Japan 
Centre Technique Industriel de la Construction Metallique 
European Convention for Constructional Steelwork 
European Economic Community 
International Iron and Steel Institute 
Institution of Structural Engineers 
International Organization for Standardization 
Load and Resistance Factor Design 
National Earthquake Hazards Reduction Program 
Standards Association of Australia 
Structural Stability Research Council 
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APPENDIX 1: Standards Organizations of the World 
COUNTRY TITLE OF ORGANIZATION 
PREFIX TO 
ABBREVIATION STANDARDS 
Australia 
Austria 
Belgium 
Brazil 
Bulgaria 
Canada 
Chile 
Colombia 
Standards Association of 
Australia 
Osterreichisches 
Normungsinstitut 
Institut Belge de Normalisation 
Associacao Brasileira de 
Normas Tecnicas 
Comite de la Qualite, de la 
Normalisation et de la 
Metrologie 
Canadian Standards Association 
Instituto Nacional de 
Investigaciones Tecnologicas y 
Normalizacion 
Instituto Columbiano de Normas 
Tecnicas 
SAA 
ON 
IBN 
ABNT 
KKCM 
CSA 
ITECNOR 
ICONTEC 
Cuba Direccion de Normas y NC 
Metrologia Ministerio de 
Industrias 
Czechoslovakia Urad pro normalizaci a mereni CSN 
Denmark Dansk Standardiseringsraad DS 
Finland Suomen Standardisoimislitto r.y. SFS 
France Association Francaise de AFNOR 
Normalisation 
Greece Ministry of National Economy NHS 
Hungary Magyar Szabvanyugyi Hivatal MSZH 
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AS 
ONORM 
NBN 
ABNT 
• BDS 
CSA 
ITECNOR 
ICONTEC 
UNC 
CSN 
DS 
SFS 
NF 
ENO 
MSZ 
\ 
COUNTRY 
India 
Indonesia 
Iran 
Iraq 
Ireland 
Israel 
Italy 
Japan 
Lebanon 
Malaysia 
Mexico 
Netherlands 
New Zealand 
Nigeria 
North Korea 
Norway 
TITLE OF ORGANIZATION 
PREFIX TO 
ABBREVIATION STANDARDS 
Indian Standards Institution ISI 
Jajassan "Dana Normalisasi DNI 
Indonesia" 
Institute of Standards and ISIRI 
Industrial Research of Iran 
Iraqi Organization for Standards IOS 
Planning Board 
Institute for Industri~1 Research IIRS 
and Standards 
Standards Institution of Israel 
Ente Nazionale Italiano di 
Unificazione 
Japanese Industrial Standards 
Committee, Ministry of Inter-
national Trade and Industry 
Lebanese Standards Institution 
SII 
UNI 
JISC 
LIBNOR 
Standards Institution of Malaysia SIM 
Direccion General de Normas DGN 
Nederlands Normalisatie-Instituut NNI 
Standards Association of New 
Zealand 
Nigerian Standards Organization 
SANZ 
NSO 
Committee for Standardization of CSK 
the Democratic People's 
Republic of Korea 
Norges Standardiseringsforbund NSF 
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IS 
NI 
ISIRI 
IOS 
IS 
SI 
UNI 
JIS 
LS 
MS 
NEN 
NZSS 
• 
NIS c• 
NS 
COUNTRY TITLE OF ORGANIZATION 
PREFIX TO 
ABBREVIATION STANDARDS 
Pakistan 
Peru 
Philipines 
Poland 
Portugal 
Pakistan Standards Institution 
Instituto de Investigacion 
Tecnologica 
Bureeau of Standards of the 
Philipines 
Polski Komitet Normalizacji i 
Miar 
Reparticao de Normalizacao 
PSI 
ITINTEC 
KP 
PKNIM 
IGPAI 
Romania Institutul Roman de Standardizare IRS 
Singapore Singapore Institute of Standards SISIR 
and Industrial Reserarch 
South Africa South African Bureau of Standards SABS 
South Korea 
Spain 
Korean Bureau of~Standards 
Instituto Nacional de 
Racionalizacion y Normalizacion 
United States American National Standards 
of America Institute 
United Kingdom British Standards Institution 
USSR Gosudarstvennyj Komitet 
Standartov Soveta Ministrov 
SSSR 
Sri Lanka Bureau of Ceylon Standards 
Sweden Sveriges Standardiserings-
Kommission 
Switzerland Association Suisse de 
Normalisation 
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KBS 
IRANOR 
ANSI 
BSI 
GOST 
BCS 
SIS 
SNV 
PS 
INANTIC 
PTS 
PN 
NP 
STAS 
SABS 
KS 
UNE 
ANSI 
BS 
GOST 
cs 
SIS 
SNV 
b 
• 
COUNTRY 
Thailand 
Turkey 
United Arab 
Republic 
Venezuela 
West Germany 
Yugoslavia 
TITLE OF ORGANIZATION 
PREFIX TO 
ABBREVIATION STANDARDS 
Centre for Thai National Standard CTNSS 
Specifications 
THAI 
Turk Standardiari Enstitusu 
Egyptian Organization for 
Standardization 
Comision Venezolana de Normas 
Industriales 
Deutsches Institut fur 
Normung e.V. 
Jugoslovenski zavod za 
S tandardizac ij u 
TSE 
EOS 
COVENIN 
DIN • 
JZS 
TS 
ES 
NORVEN 
DIN 
JUS 
Standards organizations have also been formed in the following 
countries: 
Cameroons 
Ecuador 
Ivory Coast 
Jamaica 
Jordan 
Kenya 
Malawi 
Saudi Arabia 
Direction de l'Industrie (Service de normalisation) 
Instituto Ecuatoriaro de Normalizacion 
Bureau Ivoirien de Normalisation 
The Bureau of Standards 
Directorate of Standards, Ministry of National Economy 
Kenya Bureau of Standards 
Malawi Bureau of Standards 
Saudi Arabian Standards Organization 
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APPENDIX 2: North American Design Specifications for Metal and 
Composite Structures 
AA, 1987 
Aluminum Construction Manual - Specifications for Aluminum 
Structures, 4th Ed., Aluminum Association, Washington, D.C. 
AASHTO, 1981 
Guide Specifications for Horizontally Curved Highway Bridges, 
American Association of State Highway and Transportation 
Officials 
AASHTO, 1983 
Standard Specifications for Highway Bridges, 13th Ed., American 
Association of State Highway and Transportation Officials, 
Washington, D.C. 
ABS, 1985 
Rules for Building and Classing Steel Vessels, American Bureau of 
Shipping 
AC!, 1983 
Building Code Requirements for Reinforced Concrete, ACI 318-83, 
American concrete Institute, Detroit 
AISC, 1978 
Specification for the Design, Fabrication, and Erection of Structural 
Steel for Buildings, 8th Ed., American Institute of Steel 
Construction, Chicago 
AISC, 1986 
Load and Resistance Factor Design Specification for Structural Steel 
Buildings, American Institute of Steel Construction, Chicago 
AISE, 1979 
Guide for the Design and Construction of Mill Buildings, Technical 
Report No. 13, Association of Iron and Steel Engineers 
AISI, 1967 
Design of Light Gage Steel Diaphragms, 1st Ed., American Iron and 
Steel Institute, New York 
AISI, 1974 
Specification for the Design of Cold-Formed Stainless Steel 
Structural Members, American Iron and Steel Institute, 
Washington, D.C. 
-100-
I 
I 
AISI, 1976 
Tentative Criteria for Structural Applications of Steel Tubing and 
/
1
P]pe, SP 604-876-7-5 M-MP, American Iron and Steel Institute 
J 
AI~ I 1 , 197 7 
WJlded Steel Pipe, American Iron and Steel Institute 
AISI, 1979 
Design of Plate Structures, American Iron and Steel Institute 
AISI, 1982 
Steel Tanks for Liquid Storage, American Iron and Steel Institute 
AISI, 1983 
Specification for the Design of Cold-Formed Steel Structural Members, 
American Iron and Steel Institute, New York 
API, 1977 
Specification for Fabricated Structural Steel Pipe, 3rd Ed., 
API Spec. 2B, American Petroleum Institute 
API, 1980 
Welded Steel Tanks for Oil Storage, API Standard 650, 7th Ed., 
American Petroleum Institute 
API, 1982 
Recommended Rules for the Design and Construction of Large, Welded, 
Low-Pressure Storage Tanks, API Standard 620, 7th Ed., American 
Petroleum Institute,·New York 
API, 1984 
Recommended Practice for Planning, Designing and Constructing Fixed 
Offshore Platforms, API RP 2A. 15th Ed., American Petroleum Institute 
AREA, 1985 
Specifications for Steel Railway Bridges, American Railway 
Engineering Association, Chicago 
ASCE-WRC, 1971 
Plastic Design in Steel - A Guide and Commentary, ASCE Manual 41, 
American Society of Civil Engineers and the Welding Research 
Council, New York 
ASCE, 1971 
Guide for the Design of Steel Transmission Towers, Manual No. 52, 
American Society of Civil Engineers, New York 
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ASCE, 1972 
Guide for the Design of Aluminum Transmission Towers, American 
Society of Civil Engineers ~ 
ASCE, 1984 
Specifications for the Design and Construction of Composite Slabs, 
American Society of Civil Engineers, New York 
ASME, 1980 
Boiler and Pressure Vessel Code, American Society of Mechanical 
Engineers 
AT.JWA, 1973 
Standard for Welded Steel Elevated Tanks, Standpipes, and Reservoirs 
for Water Storage, AWWA Dl00-73, American Waterworks Association 
BSSC, 1984 
NEHRP Recommended Provisions for the Development of Seismic 
Regulations for New Buildings, Building Seismic Safety Council 
Canadian Ministry of Transportation and Communications, 1983 
Ontario Highway Bridge Design Code, Highway Engineering Division, 
Toronto 
CSA, 1976 
Antenna Towers and Antenna Supporting Structures, S37-1976, Canadian 
Standards Association, Ontario 
CSA, 1917 
Code for the Design of Concrete Structures for Buildings, 
CAN3-A23.3-M77, Canadian Standards Association, Ontario 
CSA, 1984 
Specification for Design of Highway Bridges, CAN3-S6-M84, Canadian 
Standards Association, Ontario 
CSA, 1983 
Strength Design in Aluminum, CAN3-Sl57-M83,. Canadian Standards 
Association, Ontario 
CSA, 1984 
Steel Structures for Buildings - Limit States Design, CAN3-S16.l-M84, 
Canadian Standards Association, Ontario 
CSA, 1984 
Cold-Formed Steel Structural Members, CAN3-S136-M84, Canadian 
Standards Association, Ontario 
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CSSBI, 1968 
Composite Beam Manual for the Design of Steel Beams with Concrete 
Slab and Cellular Steel Floor, Canadian Sheet Steel Building 
Institute, Ontario 
FHWA, 1980 
Proposed Design Specifications for Steel Box Girder Bridges, 
FHWA-TS-80-205, Federal Highway Administration, Washington, D.C. 
MBMA, 1986 
Low-Rise Building Systems Manual, Metal Building Manufacturers 
Association, Inc., Cleveland 
NASA, 1968 
Buckling of Thin-Walled Circular Cylinders, NASA Design Guide 
SP8007, National Aeronautics and Space Administration 
Rack Manufacturers Institute, 1979 
Specification for the Design, Testing and Utilization of Industrial 
Steel Storage Rack, Pittsburgh 
SJI, 1980 
Standard Specifications for Open Web Steel Joists, Longspan Steel 
Joists and Deep Longspan Steel Joists, Steel Joist Institute 
SJI, 1980 
Standard Specifications for Steel Joists and Joist Girders, Steel 
Joist Institute 
SSRC, 1979 • 
A Specification for the Design of Steel-Concrete Composite Columns, 
Task Group 20, Structural Stability Research Council, Bethlehem, PA 
u 
SSRC, 1987 
Guide to Stability Design Criteria for Metal Structures, 4th Edition, 
Edited by T. V. Galambos, Structural Stability Research Council 
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APPENDIX 3: Applicable Reference Standards for North America 
AA, 1987 
Aluminum Construction Manual - Specifications for Aluminum 
Structures, 4th Ed., Aluminum Association, Washington, D.C. 
AASHTO, 1983 
Standard Specifications for Highway Bridges, 13th Ed., American 
Association of State Highway and Transportation Officials, 
Washington, D.C. 
ABS, 1985 
Rules for Building and Classing Steel Vessels, American Bureau of 
Shipping 
AISC, 1978 
Specification for the Design, Fabrication, and Erection of Structural 
Steel for Buildings, 8th Ed., American Institute of Steel 
Construction, Chicago 
AISC, 1986 
Load and Resistance Factor Design Specification for Structural Steel 
Buildings, American Institute of Steel Construction, Chicago 
AISI, 1986 
Specification for the Design of Cold-Formed Steel Structural Members, 
American Iron and Steel Institute, New York 
• API, 1984 
Recommended Practice for Planning, Designing and Constructing Fixed 
Offshore Platforms, API RP 2A. 15th Ed., American Petroleum Institute 
AREA, 1985 
Specifications for Steel Railway Bridges, American Railway 
Engineering Association, Chicago 
ASME, 1980 
Boiler and Pressure Vessel Code, American Society of Mechanical 
Engineers 
BSSC, 1984 
NEHRP Recommended Prpvisions for the Development of Seismic 
Regulations for New Buildings, Building Seismic Safety 'Council 
Canadian Ministry of Transportation and Communications, 1983 
Ontario Highway Bridge Design Code, Highway Engineering Division, 
Toronto 
0 
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CSA, 1984 
Specification for Design of Highway Bridges, CAN3-S6-M84, Canadian 
Standards Association, Ontario 
CSA, 1984 
Steel Structures for Buildings - Limit States Design, CAN3-S16.l-M84, 
Canadian Standards Association, Ontario 
CSA, 1984 
Cold-Formed Steel Structural Members, CAN3-S136-M84, Canadian 
Standards Association, Ontario 
FHWA, 1980 
Proposed Design Specifications for Steel Box Girder Bridges, 
FHWA-TS-80-205, Federal Highway Administration, Washington, D.C . 
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APPENDIX 4: Sample Listing of Symbols 
• 
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WORLD VIEW - SYMBOLS (Report No. 429.8) 
Listing of Roman Symbols - List 2 
~------~----------------------------------------------------
SYMBOL 
A 
* A 
A (SUB-1) 
• A ( SUB-F) 
A(SUB-W) 
* A ( SUB-c) 
A (SUB-c) 
A ( SUB-d) 
A ( SUB-e) 
A ( SUB-f) 
* A(SUB-f) 
A ( SUB-g) 
A ( SUB-g) 
* A ( SUB-g) 
A ( SUB-n) 
A ( SUB-r) 
A(SUB-s) 
* A ( SUB-t) 
A(SUB-w) 
* A(SUB-web) 
* B 
* B 
* B 
B (SUB-1) 
B (SUB-2) 
C(SUB-b) 
C(SUB-m) 
C (SUB-w) 
* D 
DEFINITION 
cross-sectional area (in general) 
Cross-sectional area of built-up member 
Cross-sectional area of single chord 
(see also A(SUB-f)] 
Amplification factor (see also f and 
alpha] 
Effective cross-sectional area of weld 
Cross-sectional area of compression 
flange 
CHAPTER 
01,#02,#03, 
04,#05,#08, 
#09,#10,11, 
12 
#02 
02 
04,05,07 
#03 
Cross-sectional area of concrete 12 
Cross-sectional area of diagonal lacing #02 
member 
Effective cross-sectional area 
Cross-sectional area of flange 
cross-sectional area of single chord 
(see also A(SUB-1)] 
Gross cross-sectional area 
04 
#02 
Gross cross-sectional area of composite 12 
member 
Mean cross sectional area of arch 
member along length 
Net cross-sectional area 
#07 
Cross-sectional area of ring stiffener #10 
Cross-sectional area of stringer #10 
stiffener 
Cross-sectional area of tension flange #03 
Cross-sectional area of web (see also #02,#03,04 
A (SUB-web) ] 
Cross-sectional area of web [see also 
A(SUB-w)] 
,Distance between two 
outside width of box 
Width of flange (see 
b(SUB-f)] 
main trusses 
or square section 
also band 
P-delta moment amplification 
P-DELTA moment amplification 
08 
09 
#05 
05 
05 
Bending coefficient dependent on moment 03,11 
gradient 
Equivalent uniform moment factor (see 
also m and beta(SUB-m)] 
Warping constant of torsion (see also 
!(SUB-omega) and I(SUB-w)] 
Depth of web (see also h(SUB-s) and 
h(SUB-w)] 
#03,04,#05 
04,07 
* Symol hu been provi1ionally elindutad. 
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USE 
I+,A,C,E 
,J,N+,W+ 
,G 
E,C 
E,C 
N 
I+ 
G 
C,N+,W 
E,G 
I+,N+ 
E,N+,G 
W+ 
I+,N+ 
A+,G 
J 
I+,N+,W+ 
G 
I+,E,N+, 
G 
W+ 
C 
J 
A+,J,N 
N+ 
N+ 
E, JIN+ 
W,J,N+,G 
I+,N+,G 
N 
• 
) 
( ./ 
APPENDIX 5: Sample Listing of Symbols (listed alphabetically 
by definition) 
-108-
• 
WORLD VIEW - SYMBOLS (Report No. 429.8) 
Listing or All Symbols (by definition) - List 4 
------------------------------------------------------------
SYMBOL 
• F(SUB-adm) 
> F(SUB-a) 
* F 
• sigma(SUB-ca) 
* F(SUB-a) 
• sigma(SUB-ca) 
• sigma(SUB-ba) 
• f(SUB-b) 
• F(SUB-b) 
• f(SUB-c) 
* f(SUB-s) 
> f(SUB-a) 
• F 
• sigma(SUB-cal) 
• f(SUB-t) 
• f 
> alpha 
• A(SUB-F) 
* M(SUB-alt) 
w(BAR) 
• f(SUB-0) 
e(SUB-0) 
> u(SUB-0) 
v(SUB-0) 
theta 
phi 
alpha 
DEFINITION CHAPTER 
Allowable axial force (see also F #02 
and F(SUB-a)) 
Allowable axial force (see also F 
and F (SUB-adm)] 
Allowable axial force (see also 
F(SUB-a) and F(SUB-adm)] 
Allowable axial stress (see also 
F (SUB-a)] 
Allowable axial stress (sea also 
sigma(SUB-ca)] 
02 
#03 
04,#05,07 
Allowable axial tansila stress #07 
Allowable bending stress (sea also #03 
F(SUB-b) and f(SUB-b)] 
Allowable bending stress (see also 09 
F(SUB-b) and sigma(SUB-ba)] 
Allowable bending stress (see also 04,#05,07 
!(SUB-b) and sigma(SUB-ba)) 
Allowable compressive stress 
Allowable shear stress 
Allowable stress (sea also F] 
Allowable stress (sea also 
! (SUB-a)) 
Allowable stress for local 
buckling 
Allowable tensile stress 
Amplification factor (sea also 
A(SUB-F) and alpha] 
Amplification factor (sea also 
A(SUB-F) and !] 
Amplification !actor (sea also! 
and alpha] 
09,1! 
09 
04 
#07 
03,09 
05 
04,05,07 
Amplified sway moment 05 
Amplitude of imperfection of shell #10 
or stiffening ring 
Amplitude of initial geometric 
imperfection (see also e(SUB-0)] 
Amplitude of initial geometric 
imperfection (sea also f(SUB-0)] 
Amplitude of initial geometrical 
imperfection (in x direction) 
Amplitude of initial geometrical 
imperfection {in y direction) 
Angla (sea also alpha and phi] 
Angla (see also alpha and theta] 
Angla [see also phi and theta] 
02 
02,05 
#02 
02,04,#09, 
#10,11 
#03 
* Symbol hu been provi1ionally alie1natad. 
> Raco-nded Symbol, noc uaed by apecified docu ,aca. 
-109-
USE 
N 
A+, J, N, v,; 
,G 
J 
J,N 
J 
A+,J,N,W 
,G 
J 
J,W 
A+,N 
J 
J 
E 
J 
N 
N 
w 
C,E,J 
C,N,W,G 
G 
I+,G 
' 
APPENDIX 6: Characteristic Topics of Specification Provisions 
• 
) 
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Chapter 1: Compression Members 
a. Column Strength 
b. Effective Length 
c. Width/Thickness Ratio (Refer to General Section d) 
d. Maximum Slenderness Ratio 
Chapter 2: Built-Up Members 
a. Column Strength 
al. Laced Members 
a2. Battened Members 
a3. Stepped Members 
a4. Other Members 
b. Shear Strength 
Chapter 3: Beams 
a. Lateral-Torsional Buckling 
b. Flange Local Buckling 
c. Web Local Buckling 
Chapter 4: Plate and Box Girders 
a. Slenderness of Components 
b. Bending Strength of Plate and Box Girders 
c. Shear Strength of Plate and Box Girders 
d. Interaction of Shear and Bending 
e. Compresion flange of bix girder 
Chapter 5: Beam-Columns 
' 
. 
a. Linear interaction formula for short members 
b. Linear interaction formula for long members 
c. Nonlinear interaction formula for short members 
d. Nonlinear interaction formula for long members 
Chapter 6: Frames 
a. Effective Length 
b. Empirical formulas for P-~ 
c. Second order analysis 
d. Approximate estimate of stability limit 1load 
e. Seismic effect 
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Chapter 7: Arches 
a. Inplan~ Stability of Ribs 
b. System Stability 
Chapter 8: Triangulated Structures 
a. effective length 
b. trusses with laterally unbraced compression chord 
c. maximum slenderness ratios 
Chapter 9: Tubular Structures 
a. Column Buckling 
b. CMS and SHS in Flexure 
c. Braced and unbraced SHS in flexure 
d. Width/Thickness ratios 
e. Interaction between local and overall buckling 
f. Combined loads 
Chapter 10: Shells 
a. Axially compressed cylinders 
b. Cylindrical panels under uniform meridianal load 
c. Cylindrical shells under uniform radial pressure 
d. Interaction with meridianal and radial compression 
e. Conical shells 
f. Sherical shells under uniform external radial pressure 
Chapter 11: Cold-Formed Members 
a. Plate elements 
b. Columns 
c. Beam-Columns 
e. Structural Systems 
Chapter 12: Composite Members 
a. 
b. 
C. 
Concrete filled steel tubes 
Concrete encased steel shapes } 
Steel reinforced concrete 
(axial and flexural strength, 
effective stiffness, interaction/ 
shear traqsfer) 
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APPENDIX 7: Sample Presentation of Specification Provisions 
(as used in the first edition's Japanese section 
on "Compression Members") 
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SPECIFICATIONS AND CODES 
JAPAN 
AIJ STANDARD FOR STEEL STRUcnJRE.S 
(ae~ Fig. Jl.l) 
Equations giving the allowable stress in the allowable strns 
design approach are: 
For X ~ .\: 
For X > A: 
0.277a) 
aw = ( A.11 A ) 2 
u1 .t) 
Ut .2) 
where~\=~ rr'2£/0.6a.., and A= /Ir, I and rare effective 
slenderness ratio. effective length and radius of gyration of 
the member. respectively. Maximum permitted value of 
A is 250 for compression members, in general, and 200 for 
columns. 
Commentary-This formula is based on a tangent-
modulus theory. The proportional limit is assumed to be 
0.6a) to take account of geometrical imperfections and 
material inhomogeneities. The factor of safety takes into 
consideration the fact that the experimental results scatter 
in the range where A ~ A. The factors of safety are 1.5 for 
a column of zero length and 2.17 for a long column. 
AIJ Standard presents provisions for members having 
variable cross sections and lateral supports as follows. For 
the purpose of design computation, a member having 
1.(),....__~ ... :---. ._~ ___ ~~~--- Euler 
-. . 
.... 
~ .... 
.... 
.... 
..... 
AIJ B~sic 
Cofumn Curve Oy 
as 
0 OS 1.0 1.5 2.0 
X=l. PY.l Tr {r r 
Figure ]7. 7 
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variable cross section may be convened into a prismatic 
member which is capable of carrying an equivalent elastic 
buckling load. 
For the lateral supports of compression members: 
1. The intermediate supports of a continuous com-
pression member shall ~ given sufficient strength and 
stiffness to enable the member to maintain full 
load-carrying capacity, even if it has initial deflec-
tion. 
2. Unless the exact computation is made, laterally 
supporting members or frames shall be assumed to 
~ subjrct to concentrated lateral force equal to or not 
less than 2o/o of the axial compression. Where a 
compression member has aA.arge initial deflection. or 
where rigidity of laterally supponing members or 
frames is small. the foregoing concentrated lateral 
force and effective length of the compression member 
shall be increased. 
AIJ GUIDE FOR PLASTIC DESIGN OF STEEL 
STRUCTURES (ae~ Fig. Jl.2) 
Equations giving the ultimate strength in the plastic design 
approach are: 
For O < A < 0.3: 
-
For 0.3 < A ~ 1.3: 
-
u 1.3) 
<1u = a\ll -0.545(A-0.3)] 
-
For A> 1.3: 
QS 
0 
-
<1u = O"v/(1.3 • >,_2) 
0.5 
Euler 
AIJ Plutic 
o.sign Guide 
1.0 1.5 
t"-1. /fly_!. 
"-ff ~ r 
Figure j 7.2 
2.0 
\ 
where~• ( l /1t)v' ay/ E • A, and A • //r, I and rare ef-
fective slendern~s ratio, effective length and radius of 
gyration of the membtr. resptctively. 
Maximum permitted value of A for columns is 200. 
Commentary-The denominator 1.3 of the last equation 
in Eq. U 1.3) is nearly equal to 2.17 /1.65, which is the ratio 
of the factor of safety in the allowable stress design of AlJ 
Standard for St~I Structures to the load factor used in this 
plastic desagn AIJ Guide. 
JSCE SPECIFICATIONS FOR STEEL RAILWAY 
BRIDGES (ttt Fig. Jl.3) 
Equations giving the allowable stress in N /mm2 in the 
allowablr stress design approach are: 
For SS41. S~f41 and Sr..1A41: 
O< X < 28: (Ju.·= 123 
28 < X < 130: (J t;· = 123 - 0.785(.\ - 28) Ut.4) 
130 < X: (Ju: = 726000( 1 / ,\)2 
For SMSO: 
o < A < 24: 
24 < ,\ < 115: 
115 < A: 
<1w = 167 
<Tu,= 167 - t.23(.\ - 24) 
(Jw = 726000(1/X)2 
For SMSO\', SM53, Stv1A50: 
o < A < 22: u u· = 186 
22 < ,\ < 105: au.= 186 - l.45(A -22) 
105 < X: u w = 726000( 1 / .\)2 
For Stv158, SMA58: 
0 < ,\ < 20: 
20 < ,\ < 95: 
95 < X: 
(JI.L' = 235 
<Tw = 235 - 2.07(X - 20) 
(Ju·= 726000(1/X) 2 
where A is the effective slenderness ratio . 
ULS) 
Ut.6) 
Ut.7) 
.\1aximum permitted effective slenderness ratios A are 
100 and 120 for main and secondary compI'~ion members, 
respectively. 
~ 
Oy 
QS ------------./ JSCE Allowable Stress 
...... 
0 OS 
....... 
....... 
...... 
...... 
....... 
....... 
...... 
1.0 1.5 
x.l. PY.1 
1T (r9 r 
Figure /7.3 
... ~----- .... 
2.0 
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C:Ommentary-The JSCE c.2lumn-strength curve is a 
straight line which is cut off at X • 0. 3 and meets the Euler 
curve at the stress a E • 0. 5 a>' . This curve corresponds 
to the strength of a column with large residual stresses 
such as in built-up members by welding. The values o(Jhc 
factor of safety increase from 1.9 for A S 0.3 to 2.8 for A 2!, 
y2. 
Guaranteed minimum yield stresses (N/~2) for plates 
of 16 < t < 40 by Japan Industrial Standard arc 235 for 
SS4t, SM41, and SMA41, 314 for SMSO, 353 for SMSOY, 
SM53, and SMASO, and 451 for SM58 where t (mm) is 
the thickness of the plate. 
JRA SPECIFICATIONS FOR HIGHWAY BRIDGES 
(ett Fig. Jl.4) 
Equations giving the allowable stress in N /mm2 in the 
allowable stress design approach are: 
ForSS41, SM41, SMA41: 
X < 20: u w = 137 
20 <A< 93: <Tw = 137 - 0.824(X - 20) 
93 < A: aw = 1180000/(6700 + X2) 
For SSSO: 
X<17: aw=167 
I7<X<86: uw=167-1.ll(X-17) 
86 < A: <Tu: = 1180000/(5700 + X2) 
For SMSO: 
X < 15: u u = 186 
15 < X < 80: 
80 < X: 
(Jw = 186- 1.27(X - 15) 
(Jw = 1180000/(5000 + X2) 
For SMSOY, S~153, SMASO: 
X < 14: aw = 206 
14 <A< 76: au. = 206 - 1.47(.\ - 14) 
7 6 ::5 X: (Ju: = 11 80000 / ( 4 500 + X 2) 
·- ... ... 
.... 
Eul~r 
... ._. 
....... 
.... 
.... . 
.... 
..... 
Ut.8) 
Ul.9) 
U 1.10) 
01.11) 
-... 
~---- .... 
... __ 
---
---. 
0 0.5 1.0 1.5 2.0 
X=.l· {lfy_! 
1t (Er 
Figure /7.4 
For SM58, SMA58: 
X :S 1 4: <1 u.· • 2 5 5 
14<X<67: <1u =255-2.06(X-t4) U 1.12) 
6 7 :S X: <1 u· = 1180000/(3600 + X2) 
where A is the effective slenderness ratio. 
Maximum permitted effective slendcmtSS ratios in truss 
members are 120 and 150 for main and stcondary com-
pression members, respectively. 
Commentary-The basic column curve is obtained from 
the theoretical weak axis buckling strength of an I-profile 
which has a maximum compressive residual stress of 0.4a., 
and out-of-straightness of //1000. 
It is approximately expressed by the following equa-
uons: 
- -
For X ~ .X 1 ( = 1 ) : 
- -
<Iu/ <I.., = 1 - 0.136X - 0.300X2 
- -
(1.13) 
For X > X1: 
- -
<Iul<I., = t.276 - 0.888X + 0.176X2 
where 
X=_!._/~{ 
7r V £ r 
The first equation of Eq. U 1.13) is replaced by two straight 
lines for covering larger residual stresses than assumed 
above and the second equation is replaced by a simpler 
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equation, that is, 
-f1u/ a., • t /(0.773 + X2) Ut.14) 
Equations U 1.8) through U 1.12) art obtained from this 
column curve with a unif onn saf cty factor of approximately 
1.7. 
Guarantttd minimum yield stresses for SS41, etc .• are 
shown in the commentary to the preceding specification. 
AIJ STANDARD FOR ALUMINIUM STRUCTURES 
(Draft form) 
Design formula is similar in fonn to that for st~l structures. 
The mechanical properties of aluminum alloys are duly 
reflected in the formula: 
For 20 < X ~ A: 
Ut.tS) 
For X > A: 
1-a 
2.25 X 
<Iw = ( )2 <Iy 
1\ 
where a and .A are specified according to the grades of 
aluminum alloys. 
,. 
APPENDIX 8: Sample Presentation of Specification Provisions 
(second edition) 
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1. The effective length factor, K shall be determined in accordance with the provisions for frame 
stability. 
1.1 The effective length concept is one method for 
estimating interaction effects of the total frame 
on a compression element being considered. 
1.2 This concept uses K-factors to equate the strength 
of a framed compression element of length L to an 
equivalent pin-ended member of length KL subject 
to axial load only. Other rational methods are 
available for evaluating the stability of frames 
subject to gravity and side loading and individual 
compression members subject to axial load and 
moments. However the effective length concept is the only tool currently available for handling 
several cases which occur in practically all 
structures and it is an essential part of many 
analysis procedures. 
1.3 The effective length factor depends on the 
rotational restraint at the ends of the unbraced length and the means available to resist lateral 
movements. 
2 • 
2.1 
3 • 
In trusses and frames where lateral stability is provided by diagonal bracing, shear walls or 
equivalent means, the effective length factor for 
compression members shall be taken as unity, ~ 
unless structural analysis shows that a smaller 
value may be used. 
While translation of the joints in the plane of a 
truss is inhibited and, due to end restraint, the 
effective length of compression members might 
therefore be assumed to. be less than the distance between panel points, it is usual practice to take K as equal to 1.0, since, if all members of the 
truss reached their ultimate load capacity 
simultaneously, the restraints at the ends of the 
compression members would disappear or, at least, be greatly reduced. 
In frames where lateral stability depends upon the bending stiffness of rigidly connected beams and 
columns, the effective length factors of 
compression members shall be determined by 
structural analysis and shalf be not less than 
unity. 
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3.1 Theoretical K-values and suggested design values 
for six idealized conditions in which joint 
rotation and translation are either fully realized 
or nonexistant are tabulated below. 
(a) (b) (c) (d J (t) ( / J 
l t rl t ~ i rl~ 
" ... p 
"'" I I \ I I 
I I I 
' 
I I 
I I I I I I BuckJed shape of ~umn I I I I I I 
1s 9hown by dashed lint I I I I I I 
I I I I I I 
\ \ I I I I \ 
' 
I I I 
' 
I I 
I I 
t t t 
• 
t 
Theoretical K value 0.5 0.7 1.0 1.0 2.0 2.0 
Recommended K valut 
when tdul conditions 0.65 O.~ 11 1.0 2.10 2.0 
are approximated 
' 
ROtltaon fixed. Translabon fixed 
V Rotation free. Translation fixed End condition code 
~ Rotation fixed. Trans!ation free 
T Rotation tree. Tran 5'ltion free 
The suggested design values are recommended by the 
SSRC for use when these conditions are 
approximated in actual design. In general, these 
suggested values are slightly higher than their 
theoretical equivalents, since joint fixity is 
seldom fully realized. 
3.2 Interpolation between the idealized cases is a 
matter of engineering judgement. 
3.3 Several rational methods are available to estimate 
the effective length of the columns in an unbraced 
frame with sufficient accuracy. These range from 
simple interpolation between the idealized cases 
above, to very complex analytical procedures. 
3.4 Once sections have been selected for several 
framing members, the alignment charts shown below 
afford a fairly rapid means to obtain more precise 
values for K, if desired. 
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K GA K a, 
• • 10 50.0 
10.0 
• 20.0 • 100.0 10.0 100.0 
10 
08 
07 
06 
05 
o• 
03 
0.2 
09 
0.1 
0.7 
06 
05 
(a) Wu a, pr1.a.11ect 
5.0 
JO 
20 
1.0 
OJ 
0.7 
0.6 
0.5 
04 
03 
0.2 
0 1 
0 
50.0 50.0 JOO 5.0 JO.O 
200 ,.o 20.0 
100 3.0 10.0 
a.o to 70 7.0 6.0 6.0 
5.0 5.0 
,o 2.0 40 
3.0 l.O 
2.0 . 20 
1.5 
1.0 1 0 
0 1 0 0 
( b ) Sedwsw, l"ICJI p,1.111ted 
The subscripts A and B refer to the joints at the two ends of the column section being considered. 
G -
The moment of inertias of the colWlil, Ic and of the beam or restraining member, Ib are taken about axes perpendicular to the plane of buckling being considered. For column ends supported by but not 
rigidly connected to a footing or foundation, G is theoretically infinity, but, unless actually designed as a true friction free pin, may be taken as 10.0 for practical designs. If the column end is rigidly attached to a properly designed footing, G may be taken as 1.0. Smaller values may be used if justified by analysis. 
3.5 It should be noted that the alignment charts are based upon assumptions of idealized conditions 
which seldom exist in real structures. These assumptions are as follows: 
a. Behavior is purely elastic. b. All members have constant cross section. 
c. All joints are rigid. 
d. For braced frames, rotations at opposite 
ends of beams are equal in magnitude, producing single curvature bending. 
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e. For unbraced frames, rotations at 
opposite ends of the restraining beams 
are equal in magnitude, producing reverse 
curvature bending. 
f. The stiffness parameters LJP/EI
1 
of all 
columns are equal. 
g. Joint restraint is distributed to the 
column above and below the joint in 
proportion to I/L of the two columns. 
h. All columns buckle simultaneously. 
Where the actual conditions differ from these 
assumptions, unrealistic designs may result. There 
are design procedures available which may be used 
in the calculation of G for use in the alignment 
charts to give results more truly representative 
of conditions in real structures. 
3.6 For column behavior in the inelastic range, the 
values of Gas defined by the alignment chart, may 
be reduced by stiffness reduction factors. 
3.7 When the minor axis is braced at closer intervals 
than the major axis, the capacity of the column 
must be investigated with reference to both major 
and minor axes. This is done by calculating both 
effective lengths with respect to the minor axis. 
-121-
(Yura, 1971) 
(Disque, 
1973) 
Manual 
p2-3 
Manual 
p2-3 
COMPRESSION MEMBERS 1 
• Effective Length a 
NORTH AMERICA 
AISC Load and Resistance Factor Design Specification, 1986 
REFERENCES 
AISC, 1986a 
Load and Resistance Factor Design Specification for structural 
steel Buildings, American Institute of Steel Construction, Inc., 
September, Chicago, Illinois. 
AISC, 1986b 
commentary on the Load and Resistance Factor Design specification 
for Structural Stael Buildings, American Institute of Steel 
Construction, Inc., September, Chicago, Illinois. 
AISC, 1986c 
Manual of Stael Construction - Load, Resistance Factor Design, 
First Edition, American Institute of Steel Construction, Inc., 
September, Chicago, Illinois. 
Disque, R.O., 1973 
Inelastic K-Factor in Design, AISC Engineering Journal, 2nd. Qtr. 
Galambos, T.V.G., 1960 
Influence of Partial Base Fixity on Frame Stability, ASCE Journal 
of the Structural Division, Vol. 86, No. ST5, May. 
Johnston, B.G., Ed., 1976 
Guide to Stability Design criteria for Metal Structures, Third 
Edition, Structural Stability Research Council, John Wiley & 
Sons, New York. 
Yura, J.A., 1971 
The Effective Length of Columns in Unbraced Frames, AISC 
Engineering Journal, April. 
-122-
COMPRESSION MEMBERS l 
Effective Length a 
NORTH AMERICA 
CSA Standard S16.1-1974 
1. Compression members shall be designed on the basis 
of their effective length, KL. Unless otherwise 
specified the unbraced length, L shall be taken as 
the length of the compression member center-to-
center of restraining members. 
1.1 The concept of effective length is used in 
computing the slenderness ratio of compression 
members, and hence, in determining the resistance 
of compression members. 
1.2 The effective length may be thought of as the 
actual unbraced length, L multiplied by a factor, 
K such that the product, KL is equal to the length 
of a pin-ended compression member of equal 
capacity to the actual member. 
1.3 The effective length factor, Kofa column of 
finite unbraced length is therefore dependent upon 
the conditions of restraint afforded to the column 
at its braced locations and theoretically may vary 
from 0.5 to infnity. In practical building 
applications K would be somewhat greater than 0.5 
in the most favorable situation and in all 
probability would not exceed 5.0 in the most 
unfavorable situation. 
A variation in K between 0.65 and 2.0 would apply 
to the majority of cases likely to be encountered 
in actual structures. 
2. The effective length factor shall be taken as 1.0 
for compression members of frames: 
a. In which sway effects have been included 
in the analysis used to determine the 
design moments and forces; or 
b. In which the sway effects in addition to 
the lateral loads are resisted by bracing 
or shear walls; 
unless the degree of rotational restraint afforded 
at the ends of the unbraced lengths shows that a 
value of K les/ than 1.0 is applicable. 
; 
3. Unless otherwise specified or unless analysis 
shows that a smaller value is applicable, the 
effective length factor shall be taken as 1.0 for 
compresssion members in trusses. 
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4. For structures with moment resisting frames in 
which sway effects have not been included in the 
analysis used to determine the design moments and 
forces, the effective length factor shall be 
determined from the degree of rotational and 
translational restraint afforded at the ends of 
the unbraced length but shall not be less than 1.0. 
4.1 Theoretical K-values and suggested design values 
for six idealized cases in which joint rotation 
and translation are either fully realized or non-
existant are tabulated below. 
(1) (b) ( C) ( d) (e) (0 
r J, ! :t • r .. 
I I I I I \ I I I 
I I I I I I Bucldfd shape o! column , I ' I I I 
' 
I I I I is shown by duhtd line I I I I I I I I I , I 
' 
I I I I 
' 
' 
I , 
I 
, 
I 
' 
I 
' 
I 
I I 
t t 
Tb eo l"f ti cal K value 0.5 0.7 1.0 1.0 2.0 2.0 
Recommended delisn 
value when ideal condl- 0.65 0.80 1.0 1.2 2.0 2.0 
tions are approximated 
,J_ Rotation fixed Translation fixed 
rDlJ Rotation fixed Translation !?N 
End condition code ,A,. Rotation tree Translation fixed 
~ Rotation tr.. Translation frN 
4.2 Shown below is a nomograph applicable to cases in 
which the equivalent I/L of adjacent girders which 
are rigidly attached to the columns are known. 
( See next page. ) 
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GA I GB GA I GB 
Cl) Cl) «I 
500 1.0 ~.o 
., 
~g ., 1000 tOO.O 10.0 10.0 500 ~.o 50 300 50 300 09 30 20.0 20.0 40 
20 
10~ 
:, 0 100 
1.0 
,. ·xs 
7.0 0.9 6.0 6.0 0.9 
0.7 5.0 5.0 
.7 0.6 4.0 2.0 4.0 
0.5 
0.4 3.0 3..0 0.4 
0.3 0.3 2.0 2.0 
I. 5 
02 0.2 
1.0 1.0 
0.1 0.1 l 0 5 0 0 1.0 0 
(a) ( b t 
SidtlWQJ P, ..... ted 51detWI Pe, "'i "-' 
4.3 This is based on the assumption that all columns 
in the portion of the framework considered reach 
their individual critical loads simultaneously. In 
the usual building frame not all columns would be 
loaded so as to simultaneously reach their 
buckling loads, and thus some conservatism is 
introduced in the interest of simplification. 
4.4 The equations upon which the nomographs are based 
are: 
( 
a. Sidesway prevented: 
G G G + G 
A B (,. / K) 2 + ( A BJ ( 1 _ ,,; /K _ l + 2 tan ,- / K 4 2 tan I'/ KJ ,. / K - 1 
b. Sidesway permitted: 
tan I' fl{--
The subscripts A and B refer to the joints at the 
two ends of the column section being considered. 
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G -
The moment of inertias of the column, Ic and of 
the beam or restraining member, Ib are taken about 
axes perpendicular to the plane of buckling being 
considered. 
For column ends supported by but not rigidly 
connected to a footing or foundation, G is 
theoretically infinity, but, unless actually 
designed as a true friction free pin, may be taken 
as 10 f6r practical designs. If the column end is 
rigidly attached to a properly designed footing, c 
may be taken as 1.0. Smaller values may be used if justified by analysis. 
Refinements for beam stiffnesses may be made when 
conditions at the far end of any particular beam 
are known definitely or when a conservative 
estimate can be made. For the case with no 
sidesway, multiply beam stiffnesses by the 
following factors: 
1.5 for far end of beam hinged: 
2.0 for far end of beam fixed against rotation 
(i.e. rigidly attached to a support which is 
itself rigid). 
For the case with sidesway permitted, multiply 
beam stiffnesses by 0.5 for far end of beam 
hinged. 
4.5 The unbraced length may differ for different 
cross-sectional axes of the compression members. 
At the bottom story of a multi-story structure, or 
for a single-story structure, L shall be taken as 
the length from the top of the base plate to the 
center of restraining members at the next higher 
level. 
4.6 In certain cases it is necessary to investigate 
the capacity of a column with reference to both 
its major and minor axes. 
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1 . 
2 • 
3 . 
3. 1 
For members whose design is based on compressive 
force, the slenderness ratio KL/r preferably 
should not exceed 200. 
Compression members shall be proportioned on the 
basis of gross area. 
The design strength of compression members whose 
elements have width-thickness ratios less than the 
maximum ratios for non-compact sections (no 
slender elements) is: 
where, 
For 
For 
where 
¢ A f 
e g er 
IA = 0.85 
'f' e 
X < 1. s 
C 
f 
er 
X > 1. s 
C 
f _ [o. s11] f 
er A2 Y 
C 
( E2 . 1) 
(E2.2) 
(E2.3) 
(E2.4) 
' ""-- . These formulas can be restated in terms of the-· 
slenderness ratio, KL/r: 
For KL 
r 
fE. ~ 4. 11JI 
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For KL 
r 
) 4.7lij 
f -
er (C-E2-3) 
3.2 Formulas E2-2 and E2-3 are based on a reasonable 
conversion of research data into design equations. 
Conversion of the allowable stress design (ASD) 
equations, based on SSRC research was found to be 
cumbersome for two reasons. The first was the 
nature of the ASD variable safety factor. 
Secondly, the difference in philosophical origins 
of the two design procedures requires an 
assumption of a live load to dead load ratio, 
LL/DL. Since all LL/DL ratios could not be 
considered, a value of approximately 1.1 at Ac 
equal to 1.0 was used to calibrate the exponential 
equation for columns with the lower range of ~ 
against the appropriate ASD provision. The c 
coefficient with the Euler equation was obtained 
by equating the two equations at the common A of 
C 1. 5. 
3.3 Formulas E2-2 and E2-3 are essentially the same as 
column-strength curve 2P of the 4th Edition of the 
SSRC Guide for an out-of-straightness of L/1500. 
~ p 0.5 
y 
0 
Curve 2 P 
-:J=A36, Rolled, L 
A 36, Welded, FC, La H 
A 572 (50), Welded, FC, LSH 
A441, Welded, FCSUM, H 
Hybrid, A441 FlonQH, FC 8 UM, L 
-)= A36, Rolled, H 
A36, Wtldtd, UM, LSH 
I 
j: A514, Welded, UM, L 
-$- A 36, Welded, L El H 
0.5 
Curve 3 P 
Curve IP 
-$ A 2~2. Rolled, L 
i A 5 I 4 , Rolled. L a H 
A514, Welded, FC,L 
Hybrid, A514 FlonQH, L. 
-):- A514, Welded, UM, L 
:t A 36, Rolled, H 
i A36,Welded,UM,L8H 
1.0 1.5 
- ~~ Xe r~Jf 
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3.4 Formula E2-2 governs column strength for inelastic 
buckling and E2-3 governs for elastic or Euler 
buckling. Formula E2-2 is a new empirical 
relationship for the inelastic range while E2-3 is 
actually the Euler formula multiplied by 0.877 to 
account for initial out-of-straightness. Both 
formulas include the effects of residual stresses 
and initial out-of-straightness. 
3.5 This set of column equations has a range of 
reliability, (B)-values. At low and high column 
slenderness, B-values exceeding 3.0 and 3.3 
respectively are obtained compared to B of 2.6 at 
LL/DL ratio of 1.1. This is considered 
satisfactory, since the limits of out-of-
straightness combined with residual stress have 
not been clearly established. Furthermore, there 
has been no history of unacceptable behavior of 
columns designed using the ASD procedure. This 
includes cases with LL/DL ratios greater than 1.1. 
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1. The slenderness ratio KL/r of a compression member 
shall not exceed 200. 
Section 
10.2 pl-29 
1.1 This limit has been included for practical reasons. Commentary 
2 • 
3 . 
The strength, or resistance, of a compression 10. p2-19 
member becomes quite small as the slenderness 
ratio increases beyond about 150, and the member 
becomes relatively inefficient. In addition, as 
the slenderness ratio increases, the effects of 
initial imperfections become more significant and 
the reliability of accurately predicting these 
effects becomes more questionable. 
Compression members shall be proportioned on the 
basis of gross area. 
The factored compressive resistance developed by a 
member subjected to an axial compressive force and 
whose elements have width-thickness ratios less 
than the maximum ratios for non-compact sections, 
shall be taken as: 
; A f 
e g er 
where, ; = 0.9 
e 
For o.o ~ X ~ 1.0 
e 
f - (1.035 
er 
' -2) 0.202Ae - 0.222Xc fy 
For 1.0 < X ~ 2.0 
e 
For 2.0 < X ~ 3.6 e 
For 3.6 < X 
e 
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f --2 2861000 - Ac fy -- -
~]2 er 
where, ~ KL 
fy 
-
-
,-2E C r 
3.1 Column-strength curve 2 proposed by the SSRC was 
adopted in order to reflect the various factors 
affecting the maximum strength of columns having 
various slenderness ratios. A minor modification 
was made to curve 2 for ratios of ~c between o.o 
and 0.15. In5tead of a plateau the expression for 
ratios of X between 0.15 and 1.0 was continued to 
a ratio of c~ equal to 0.0. The difference, which 
affects only ~ery stocky members, is minor . 
• 1.0 
r- Curve 1 
/ 
_Curve 2 ' I / t 
,,r-Curve 3 
SSRC / Pmgx 0.5 -Py 
_ V0 • 1/1000 L 
t .>le, 
0 0.5 ,.o 1.5 2.0 
3.2 The expression for the factored compressive 
resistance is given in four parts depending on the 
non-dimensional slenderness ratio, Xe . For most 
of the commonly used grades of steel only three of 
the four portions of this compressive strength 
relationship would be used. 
3.3 Both the effects of residual stress and those 
caused by initial out-of-straightness are 
considered in formulating the relationship for 
column strength. 
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4 . 
4.1 
4.2 
The expressions defining the factored compressive 
resistance are based on column-strength 
predictions for W shapes normally rolled and 
fabricated in Canada and may be assumed to be 
val id for other doubly symmetric ·sections, whose 
elements have width-thickness ratios less than the 
maximum ratios for non-compact sections (no 
slender elements), except for cold-formed non-
stress relieved hollow structural sections and 
except for solid round, non-stress relieved cold 
straightened bars greater than 2 inches in 
diameter. Welded H-shapes~should have flange edges 
flame cut. 
Curve 2 is thought to be applicable to most of the 
sections in common use in Canada. For other types 
of sections it is suggested that curves 1 or 3, 
recommended by the SSRC may be applicable. For 
example fully stress-relieved sections, and a few 
specific sections of steel having high yield 
stress levels and hollow structural sections 
conforming to the requirements of CSA Standard 
G40.20, Class H, could be designed using curve 1, 
permitting a higher capacity. Many heavy sections 
and welded sections fabricated from universal mill 
plates should be designed using column strength 
curve 3, permitting a capacity reduced below that 
corresponding to column curve 2. 
Researcfi indicates that using the formulas of 
Section 13.3 for the design of hollow structural 
sections that are cold-formed and not stress-
relieved (Class c of G40.20) could be unsafe. 
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1. N35 specifies an effective length factor of 1.0 
for compressive members of frames, in which sway 
effects have been included in the analysis used to 
determine the design moments and forces. N7 makes 
no reference to this condition. 
2. N35 specifies an effective length factor that 
shall not be less than 1.0 for compressive members 
of moment-resisting frames in which sway effects 
have not been included in the analysis used to 
determine the design moments and forces. N7 makes 
no reference to this condition. 
3. N7 and N35 give the same suggested design values 
for K for the six idealized cases except for case 
(e). This is shown in tabulated form below. 
(cl} (b) (c) (d} (,) ( f) 
! t ~l t ! J ,l1 
..... , 
'-T" 
I I \ I I 
I , I \ I I 
I I I \ I I Bucloed shape of column I I I I I I 
rs ,oown by dashed line I I I I I I 
I I I I I I 
\ \ I I I 
\ \ I I I \ I I 
I I 
t t t • t Thtorltical K vatue 0.5 0.7 1.0 1.0 2.0 2.0 
N7 0.65 O.al 1.2 1.0 2.10 2.0 
NJS 0.65 0.80 1.2 1.0 2.0 2.0 
"r Rotltioll fixed. TranMation fixed 
V Rotation frll. Translation fiud End condition code 
"ti Rotation fixed.. T ranllltion frll 
T Rotation frll. Translation frN 
4. N7 states that interpolation between the idealized 
cases is a matter of engineering judgement. N35 
makes no comment on interpolation between these 
cases. 
N7 
N35 -
- AISC-86 
CSA-74 
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5. N7 states that there are several methods available 
to estimate effective lengths for columns in 
unbraced frames. N35 refers to only one other 
method. 
6. N7 provides a list of assumptions on which the 
nomographs are based and states that unrealistic 
designs may result where actual conditions differ 
from these assumptions. N35 mentions only one of 
these assumptions, but provides the equations on 
which the nomographs are based. 
7. N35 provides additional factors to refine the 
values of G which account for the end restraints 
of the beams connected to the column. N7 does not 
provide any factors to account for this condition. 
8. N7 suggests that values of G should be reduced for 
column behavior in the inelastic range. Tables of 
s~iffness reduction factors are provided. N35 does 
not make any reference to column behavior in the 
inelastic range. 
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comparison (N7 and N35) c 
1. N7 and N35 present different column-strength 
curves and formulas to express the relationship 
between strength and column slenderness. 
N7 uses an approximation to SSRC curve 2P (a 
probabilistic column-strength curve with initial 
out-of-straightness ot L/1470, which N7 has 
approximated as L/1500). 
\ 
0.1 
0.1 -........ 
0.7 
' 
" 
0.1 ~ 
' ; Pmox 0.5 
C p 
y 
o., 
\. 
'\. 
O.J 
.. ~ ~ 
0.2 '-
' 
-0. I ...._ I 
. 
. . 
. . 
a.a 0.5 1.0 I.S z.o Z.5 
X 
- ~~ C rf' E 
a 
"' 
+ IUC 2P 
N7 gives column-strength by two equations, 
dependent upon the range of non-dimensional 
slenderness ratios given below: 
X > 1. 5 
C 
X s 1. s 
C 
N35 uses SSRC curve 2 (a deterministic column-
strength curve with initial out-of-straightness of 
L/1000) with a minor modification where X is less 
than 0.15 c 
N7 - AISC-86 
N35 - CSA-74 
-139-
N7-3* 
N7-3. 3 
N35-3 
N35-3.l 
N35-3.2 
COMPRESSION MEMBERS 1 
Column Strength c 
NORTH AMERICA 
Comparison (N7 and NJ5) 
10 
Prnoa 
----- 0.5 F\ 
0 
Curve 
• - Probablll1tf c Multiple 
Column Curves ('IL• Vt4 70) 
--- Ott•rmini1tlc Multiple 
Column Curves ( ftL • 1/1000) 
0 5 
3P 
I 5 
N35 gives column strength by tour equations, 
dep~ndent upon the range ot non-dimensional 
slenderness ratios given below: 
0.0 S X ~ 1. 0 
C 
1. 0 < X ~ 2.0 
C 
2.0 < X ~ 3.6 
C 
3.6 < X 
C 
2. N7 gives an indication of the range of reliability 
(B-value) that is obtained for the column-strength 
equations. This is shown graphically below. 
4.0 
X 
JC X 
2.0 
0.5 1.0 
X 
X 
p • ln(Rm/Qm) 
Jv,.1 + Va* 
1.5 X - ~f!i 2.0 c - rrJB 
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N35 does not provide any information on the 
reliability of the column-strength equations. 
3. N35 recommends the use of: 
a. SSRC column-strength curve 1 for fully 
stress-relieved sections, some specific 
sections of high strength steels, and 
hollow structural sections conforming to 
Class Hof CSA Standard G40.20. 
b. SSRC column-strength curve 3 for many 
heavy sections and welded sections 
fabricated from universal mill plates. 
N7 does not consider the use of more than one 
column-strength curve. 
4. N35 also mentions that use of the formulas given 
in Section 13.3 for the design of hollow 
structural sections that are cold-formed and not 
stress-relieved (Class C of G40.20) could be 
unsafe. N7 does not refer to any special 
considerations for specific sectio~s. 
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Why the Differences E~=ist (N7 and N35) 
1. N35 gives a more comprehensive list of cases where 
effective length factors are specified for 
compression members of frames. 
2. N7 gives a recommended effective length factor for 
case (e) that is higher than that given by N35, 
recognizing the fact that joint fixity is seldom 
realized. 
3. N7 indicates that interpolation between the 
idealized cases is possible but cautions the 
designer that engineering judgement must be 
exercised. N35 avoids any potential misjudgement 
by excluding any reference to interpolation. 
4. N7 provides more background to the methods of 
estimating effective length factors in order that 
the judgement referred to above can be improved 
through checking of values by means of other 
methods, increasing awareness of assumptions, and 
refinement of factors to account for inelastic 
column behavior. 
5. N35 identifies common end conditions of 
restraining beams, which can be considered in the 
calculation of effective length factors for 
columns, while N7 expects the designer to refer to 
additional references for this information. 
N7 - AISC-86 
N35 - CSA-74 
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Why the Differences Exist (N7 and NJ5) 
1. N7 has adopted a column-strength curve that 
considers average initial out-of-straightness to 
be L/1500. This is approximately equal to the 
statistical average initial out-of-straightness 
that is encountered in test data for hot-rolled, 
non-stress-relieved W-sections. 
NJ5 uses a more conservative column-strength curve 
that considers the ASTM A6 maximum allowable 
initial out-of-straightness of L/1000. This curve 
is also based upon the maximum residual stress 
levels whereas most column sections exhibit 
reduced residual stress levels resulting from 
stra~ghtening processes. 
2. N7 has simplified the selected column-strength 
curve by indicating only two parts to the curve, 
one for inelastic buckling behavior and the other 
for elastic buckling behavior. 
N35 has used the selected column-strength curve 
exactly as presented by the SSRC, with the 
exception of the region for columns with very low 
slenderness ratios. This variation accounts for 
strain-hardening effects in short stocky columns. 
3. Although only N7 refers to the reliability value 
B, both N7 and NJ5 consider the target value for 
this index to be 3.0. N7 indicates that maximum 
and minimum reliability values of 3.3 and 2.6 can 
be expected while N35 gives values of 4.2 and 2.7. 
4. N35 has countered its conservative column-strength 
curve selection by recommending the use of two 
additional column-strength curves for the design 
of specific classes of column section, and by use 
of a less conservative resistance factor. 
N7 
N35 
N7 has restricted column design to a single 
column-strength curve and has consequently used a 
more conservative resistance factor. 
- AISC-86 
- CSA-74 
-144-
Nc-1 
Nc-1 
Nc-2 
Nc-3 
VITA: Graham Steven Stewart 
The author was born in Harare, Zimbabwe, on November 5, 1958 and 
is the second of three children of Mr. and Mrs. Douglas C. Stewart. 
Having completed his schooling in Zimbabwe, the author obtained 
the degree of Bachelor of Science in Civil Engineering from the 
University of Cape Town, South Africa, in December 1980 where he had 
held a three-year bursary awarded by Dorbyl Structural Engineering 
(Pty) Ltd. (DSE). While employed by DSE, the author worked for two 
years in a structural steel design office, and then for three years on 
a number of industrial construction sites involving the erection of 
structural steelwork. At the time of leaving DSE, the author had 
obtained the position of senior construction site manager. 
During the two years spent at Lehigh University, the author held 
the position of Technical Secretary for the Structural Stability 
Research Council (SSRC). His association with the SSRC provided the 
basis for undertaking this thesis. The author has also held research 
assistantships with the Center for Advanced Technology for Large 
Structural Systems (ATLSS) and the Institute for the Study of the 
High-Rise Habitat, and a minor teaching assistantship for a graduat~ 
course. 
-145-
